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makes perfect” 


The original “Practice is the best of all 
instructors,” is found in the works of Publi- 
lius Syrus (circa 42 BC). Brought to Rome 
as a slave from Antioch, his brilliant in- 
tellect and wit gained him his freedom. 


For years we have producec 00°* natural vanilla 
flavors and Alva 


True Vanilla 


is the perfect quality flavor for food use. 


If a true vanilla is not required, the new delicious 


will give perfect flavor either alone or blended with True 
Vanilla. 
Samples and recommendations on request. 
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Processing citrus 
concentrates 


Sanitation engineering 


Sanitary control in processing citrus concentrates. I. 
Some specific sources of microbial contamination from 
fruit bins to extractions. D. I. Murdock and Charles H. 
Brokaw. 


Each fruit handling operation was investigated to deter- 
mine its effect on fruit surface contamination. It was 
found that fruit is recontaminated by bins and flight ele- 
vators. The brush washer and chlorinated water rinses 
effectively reduced fruit surface contamination. The re- 
sult of these sanitizing operations is minimized, however, 
if subsequent fruit handling equipment is not kept in a 
sanitary condition. Slimy fruit sizers, conveyor belts, 
especially those in the juice rcom, are all contributing 
factors. Each unit operation of the fruit handling sys- 
tem must be carefully watched to prevent contamination 
of extracted juice. Importance of an efficient fruit grad- 
ing system is discussed. Data are presented to show 
correlation between fruit quality and microbial load of 
extracted juice. (See page 573). 


Retarding oxidation Light-screening agent 
Use of a light-screening agent for retarding oxidation of 


process cheese. B. I. Ellickson and V. Hasenzahl. 


Occurrence of off-flavors known as “oxidized flavor” due 
to light exposure of cheese has been known to the cheese 
industry for some time. This paper reports a method of 
retarding this oxidation while process cheese is on display 
in dairy cases illuminated by fluorescent lights. Retarda- 
tion is accomplished by incorporating a light-screening 
chemical, a substituted benzophenone, in the wax coating 
on process cheese wrappers. The photochemical action of 
light in the ultraviolet range is slowed from the usual 
12-hour period to 64 hours. Influence of color in the 
cheese wrappers is also diseussed. (See page 577). 


Bulk transportation Citrus juices 
Technological considerations in the bulk transportation of 


citrus juices. David O. Hamrick. 


Technological considerations in transporting bulk citrus 
juice from a Florida citrus processing plant to a New York 
City bottling and packaging plant are presented. The 
citrus juices are transported in large (30,000 to 70,000 
gallons each), insulated, stainless steel tanks aboard a 
steamship. Loading and unloading is accomplished by 
pumping procedures. Feasibility studies preceded the ac- 
tual construction of the plants and basie research was per- 
formed in anticipation of many unique problems in such 
an unorthodox method of handling and transporting this 
perishable product. Problems and solutions discussed in 
elude the cleaning and sanitation of the tanks, pumps, pipe- 
lines, and related juice handling equipment; microbiological 


control before, during, and after transportation; tempera- 
ture control and regulation; and control of other product 
deteriorating factors such as aeration, foaming, pulp sep- 
eration, temperature stratification, ete. (See page 579). 


Antibiotic-treated 
meats 


Radiation preservation 


Effect of irradiation on antibiotic treated meats. R. F. 
Cain, A. W. Anderson and A. S. Malaspina. 


Antibioties (tetracycline hydrochloride, oxytetracyeline, 
chlortetracyeline, oleandomyein, tetracycline, neomycin 
and polymixin) were incorporated in ground meat and 
water and radiated at levels of 0.18, 2.79 and 5.58 mega- 
rad. Additional samples of the first 3 antibiotics were 
radiated at 0.18, 0.37, 0.74, 1.48, 2.79 and 4.65 megarad. 
The residual antibiotic activity and the protective effect 
of the meat are reported. Oxytetracycline was injected 
into the hogs before slaughter. Portions of the loin, butt, 
and pienie were further radiated at 0.79 megarad and 
samples stored at 50°F. These samples were analyzed 
for their storage characteristics. Oxytetracycline solu- 
tion of 100 p.p.m. was used as a dip for slices of beef. 
Slices were dipped and drained for controlled periods and 
then film packaged. Radiation was carried out at 0.1 and 
0.3 megarad. Total numbers of organisms, residual anti- 
biotie and flavor were determined during the storage 
period at 34° F. (See page 582). 


Protein supplement Defatted wheat germ 
Improvement of cereals with defatted wheat germ. N. T. 
Rand and V. K. Collins. 


Wheat germ protein has the high biological value of animal 
proteins as measured by the Mitchell paired feeding 
method. This was confirmed by a modification of the 
Hinners-Scott chick growth assay. This assay was used 
to measure the nutritive value of cereals and cereals sup- 
plemented wtih defatted wheat germ. Steaming and light 
toasting did not impair the nutritive value of the defatted 
wheat germ. Unexpectedly, the nutritive value was ap- 
parently increased. As single cereals the nutritive values 
of oats, barley, rice and enriched wheat flour were found 
to be in a decreasing order, Ten per cent levels of toasted 
defatted wheat germ improved the nutritive value of 
cereals as follows: 


NOVEMBER COVER. Varietal differences in plant 
products are reflected in quality differences. The No 
vember cover shows horticultural workers studying new 
varieties of snap beans to find those best suited for 
freezing. Photograph by courtesy of Birds Eye Divi 
sion, General Foods, Corporation, White Plains, New 
York. 
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WM. J. STANGE CO., Chicago 12, Ii. 
Canada: Stange-Pemberton, Ltd., Toronto, Ont. « Mexico: Stange-Pesa, S.A. Mexico City 


Paterson 4, N. J. 


50-A MICROGROUND SPICE + NDGA ANTIOXIDANT 
CREAM OF SPICE SOLUBLE SEASONING + GROUND SPICE 
PEACOCK BRAND CERTIFIED FOOD COLOR Printed in U.S.A 


You name it... 


will season it better! 


. . . because with Stange, seasoning is 
both a science and an art: Science 
—in processing the basic seasonings: 
Art—in the application of these 
seasonings to your products to 
achieve distinction in their field 

for flavor and eye-appeal. 


TALENT TO CREATE 
SKILL TO PRODUCE 
FLEXIBILITY TO FIT YOUR NEEDS 
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Oats by 13% 
Barley by 27% 
Enriched wheat flour by 16% 
Rice by 34% 
Mixture of cereals by 18% 


Supplemented cereals with toasted wheat germ consider 
ably enhanced their nutritive value and their palata 
bility. (See page 585). 


Antioridant treatment Paperboard 
/ 


Antioxidant treatment of paperboard for increased shelf 
life of packaged dry cereals. Kh. F. Caldwell and Sylvia 
Shmigelsky. 


Double-bleached manila-lined chipboard was treated by 
the board manufacturer with butylated hydroxyanisole 
prior to being made into one-ounce individual cereal 
packages. The antioxidant was applied to inside surface 
of the board in an amount equal to 0.05% of the board 
by weight. Three types of flaked dry cereal were pack 
aged in this material, each package being overwrapped 
with 300 MST Cellophane. Shelf life tests were conducted 
at room temperature and at 100° F. Control packages of 
board were prepared and included in these tests. Panel 
evaluations of aroma, flavor and over-all preference were 
conducted after 18 weeks and 52 weeks with groups of 
about 35 non-expert judges using the hedonic rating sys 
tem. Antioxidant treatment of the paperboard was found 
to result in a significant improvement in acceptability 


after storage in all 3 cereals. (See page 589). 


New instrument Nondestructive measure 


ment of fruit maturity 


An instrument using light transmittance for nondestruc- 
tive measurement of fruit maturity. G. S. Birth and K. 
H. Norris. 


An instrument is described which indicates stage of ma 
turation of certain argicultural products. Criterion for 
indicating stage of maturation is the wavelength of the 
first transmittance peak when scanning from 500 my to 
700 mp. Instrument consists of a small monochromator 
which uses an inexpensive wedge interference filter for 
the dispersion. The filter, driven by an electric motor, 
provides the monochromator with a continuous scanning 
region from 400 my to 700 mp. A multiplier type photo- 
tube is used for measuring the transmitted light. In op 
eration, the whole fruit is placed inside an integrating 
sphere in such a manner that the light must be transmitted 
through the fruit to reach the phototube. The wavelength- 
scanning motor is started manually and an electronic 
control cireuit stops the seanning motor automatically 
when the light transmitted through the sample reaches 
a maximum. Data are ineluded to show the change in this 
measurement vs, time for a few samples of fruit. (See 
page 591). 


Measurement Maturity of plums 


Evaluation of light transmittance techniques for maturity 
measurements of two varieties of prune-type plums. Jane 
V. Ernest, G. S. Birth, A. P. Sidwell and C, Golumbie. 


An eleetronie device specially designed to indicate the 
wavelength of peak transmittance of intact fruit was 
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tested for performance in indicating changes due to ma- 
turation on the tree and post-harvest ripening in storage. 
Plums were the varieties Stanley and Fellenberg. Samples 
were narvested at 5- to 7-day intervals beginning 30 and 
and 40 days before full maturation of the respective var- 
ieties. Portions of these samples were tested immediately 
after harvest, the remainders were stored at 55° F. and 
tested at 2- to 3-day intervals until the fruit was as ripe 
as its stage of harvest maturation would permit. In addi- 
tion to readings of wavelength of peak transmittance, 
determination of established maturity indices such as sol- 
uble solids, titratable acidity, firmness, and Hunter’s “a” 
were made, The last two determinations were made on the 
Maryland Shear Press and the Gardner Color Difference 
Meter, respectively. Cut, de-stoned fruit was used for 
both measurements. Wavelength readings were found to in- 
crease from ca, 545 my to ca. 640 my during maturation 
of the fruit on the trees. Readings of fruit undergoing 
post-harvest ripening in storage increased similarly, with 
the exception that early harvested fruit did not reach as 


high level of readings as late. Wavelength of peak trans- 


” 


a 


mittance appeared to be related closely to Hunter’s 
both in respect to changes during fruit maturation as well 
as those oceurring during post-harvest ripening. This 
is to be expected, since the “a” filter-phototube combina- 
tion is sensitive in the 550-650 my region, while combi- 
nations for atttributes “L” and “b” are relatively insensi- 
tive in that region, A very high linear correlation between 
wavelength of peak transmittance and soluble solids was 
also observed, Loss in firmness as measured by shear re- 
sistance correlated highly with wavelength readings espe- 
elally on tree-maturing fruit samples. (See page 595). 


Antioridant treatment English walnuts 


Effect of moisture and antioxidant treatment on shelled 
English walnuts. |). \il. Swarthout, R. A. Johnson and S. 
de Witte 


\bsorption of oxygen from the headspace air in sealed 
cans containing shelled walnuts was used to compare the 
efficiency of two antioxidant fromulations: (a) butylated 
hydroxyanisole and butylated hydroxytoluene and (b) 
butvlated hydroxyanisole, propyl vallate, citrie acid, pro- 
pyvlene gallate, and ono- and di-glycerides. Absorption 
was also used to cor pare shelled walnuts treated with 
antioxidants against untreated walnuts. This gave a 
measure by which their effectiveness to retard oxidative 
rancidity could be evaluated. The effect of various mois- 
ture levels on kernel storage life was determined by meas- 
uring the free fatty acid concentration. BHA and BHT, 
in vegetable oil, when applied to shelled walnuts reduced 
the oxygen absorbed by approximately two-thirds. The 
BHA-PG formulation reduced the oxygen absorbed by 
approximately one-half. Oxygen absorption increases as 
moisture content increases. In general, the rate of free 
fatty acid formation also increased as moisture increased, 
and was not affected by either antioxidant formulation. 
(See page 599), 


Kuqmeering Jacketed freezer 


Studies on a jacketed cold-storage room. Joseph W. Sla- 
vin, John A, Peters, and S. R. Pottinger. 

Tests were earried out to determine the effect of engi- 
neering design on the operation of a jacketed freezer 
and on the relative keeping quality of fishery products 
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. KLENZADE 
SODIUM HYPOCHLORITE 


SANITIZERS 


SAFE for finest stainless steel surfaces. 25 years 
of daily use in thousands of plants prove it 
conclusively. 

Klenzade X-4, Klenzade XY-12, and Klenzade 
Tri-Chloro-Cide have the highest germicidal 
power of all chlorine-bearing sanitizers on the 
market. Comparative test data on request. 
Most economical, too. Always ready for use. . . 
no ‘‘settling out’’ . . . no residual film . . . excep- 
tionally long in-plant keeping quality. 


Service Throughout America 


KLENZADE PRODUCTS, INC. 
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stored in a jacketed freezer and in conventional freezers. 
Engineering tests were concerned with effeet of jacket 
fan speeds and/or room-temperature fluctuations on jacket 
air flow, jacket duct and air temperatures, relative hu 
midity of storage room, and equipment electrical energy 
requirements. Effeet of various jacket fan speeds on 
“freezer recovery” time due to air infiltration eaused by 
personnel usage was also studied. Results show relative 
humidities of 92 to 95% can be obtained at comparatively 
low rates of jacket air flow, provided storage room ten 

peratures are kept within +0.5° F. Larger temperature 
fluetuations of +2.5° F, decrease room relative humidity 
and necessitate increased rates of jacket air flow to ac 

complish the required refrigeration effect. Equipment 
electrical energy requirements vary with room tempera 
ture and jacket air flow and are estimated to be 20-22 
higher than those of a conventional type freezer under 
optimum operating conditions. Reeovery time due to 
personnel usage increases with reduction in jacket air 
flow. In the application of a jacketed cold-storage room, 
every effort should be made to keep load conditions a- 
constant as possible in order to maintain a high relative 
humidity, low rate of jacket air flow, and low cost of 
operating the equipment. Frozen-storage tests also were 
conducted to determine comparative keeping quality ot 
samples of shrimp, haddock fillet blocks, haddoek fish 
sticks, and albacore tuna stored at a high relative hu 
midity in the jacketed freezer and in conventional cold 
storage rooms using overhead plate or finned-pipe-coil 
evaporators. Results show samples stored in a jacketed 
freezer undergo considerably less dehydration, as evi 
denced by weight measurements, than do similar samples 
stored in a conventional cold-storage room. The taste 
panel could not find significant differences in quality ot 
cooked samples, however, as determined by flavor, odor, 
appearance, and texture that could be attributed to 
method of storage employed. (See page 602). 


New product Low-moisture pitted cherries 
Low-moisture red sour pitted cherries. M. J. Powers, \ 
J. Downes, D. W. Sanshueck, and L. H. Walker. 


Low-moisture red sour pitted cherry pie stock was pre 
pared from frozen red sour pitted Montmoreney cherries 
Fresh pitted cherries were treated, frozen on trays, and 
stored at —10° F. They appear to be stable for long 
periods while in the frozen condition. The frozen cherrios 
were dried directly in vacuo on trays held at 140° FL No 
heat damage, no significant losses of flavor, and no losses 
of product oceurred. The weight of the produet is 15° 
of that of the fresh pitted material. In the dry condition 
it had a dark natural red color and was only slightly col 
lapsed in appearance. Data are presented on stabilizing 
additives, freezing, drying, and packaging methods, stor 
age stability, and organoleptic evaluation. This low 
density pie stock had unusual stability. When stored for 
6 months at 100° F., it was rehydrated readily and baked 
into a highly aeeeptable pie. The reconstituted cherries in 
pie form were red in color, possessed a smooth skin tex 
ture, and a desirable cherry flavor. (See page 610). 


Flavor analysis Component of apple sauce 


A volatile acidic flavor component of apple sauce. Leon 
ard R. Mattiek, Robert S. Shallenberger and James C. 
Moyer. 


The major steam distillable acid of apple sauce has been 
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isolated and identified as n-caproie acid, a very unpleas- 
ant smelling acid. When n-caproic acid was added in 
varying amounts to a relatively flavorless apple sauce, a 
taste panel could detect differences of 0.45 mg. of n- 
eaproie acid/100 g. of apple sauce. Concentrations higher 
than 8 mg/100 g. of sauce were offensive to 100% of the 
panel, whereas in the lower concentrations of 2 to 3 mg/ 
100 g. of sauce, it contributed to the flavor of the apple 
sauce. A series of commercial apple sauce samples were 
analyzed for their caproie acid concentration, and sub- 
jected to a taste panel. Good correlation between the 
average score assigned to the sauce by the panel and the 
n-caproie acid concentration was obtained. Storage ap- 
pears to affeet the concentration of this acid markedly. 
A steady increase in the concentration of the acid is 
noted with time. (See page 613). 


Radiation, addition of Precooked meat 


orygen scavenger 


Influence of short term high temperature storage with 
and without oxygen scavenger on the acceptability of pre- 
cooked irradiated meat. A. M. Pearson, L. E. Dawson, L. 
J. Bratzler and R. N. Costilow. 


Effects of short term high temperature storage upon the 
acceptability of precooked irradiated beef, chicken, pork 
and veal were studied. Effects of adding an oxygen seav- 
enger (glucose oxidase) to all items except chicken were 
also determined. Results for preeooked meat radiated at 
2.79 x 10" rads indicated: (1) pork showed little or no 
adverse effects from irradiation while beef, chicken, and 
veal were markedly less acceptable, (2) the acceptability 
seores for all cooked irradiated meats studied with the 
exception of pork appeared to improve with storage at 
room temperature or above, (3) the oxygen seavenger did 
not significantly influence acceptability, but there was a 
trend for added oxygen scavenger to result in higher mean 
scores, (4) loss of texture was apparent on storage; this 
appeared to be a function of time and temperature. (See 
page 616). 


Consumer study Enriched rice 
Consumer reaction to rice enriched with riboflavin. b. J. 
Lease, L. D. Malphrus, R. K. Malphrus, and J. G. Lease. 


Rice enriched with a powdered premix so that it contained 
the amount of riboflavin specified in the Federal standard 
sold as well as rice with no riboflavin added. In 2 sepa- 
rate marketing trials, a total of approximately 2 tons of 
rice (50% enriched, 50° fortified), packaged in 3-pound 
cellophane bags, and displayed without preference to 
either type, was sold in 5 supermarkets in South Carolina, 
3 of which are located in the coastal area where rice con- 
sumption is very high. No consumer complaints or eom- 
ments were received. In panel studies using cooked rice, 
under ordinary lighting, 71% of the panel members had 
no color preference for either enriched rice or fortified 
rice. Under a 250-watt Mazda lamp, 639% of the panelists 
had no color preference between the two types of rice. 
The paired comparison method was used in both tests. Of 
the homemakers preparing the two types of rice in their 
homes, 80% indicated that they found no difference due 
to color; of the remaining 20%, 6% found more color in 
the fortified rice, and 14% found more color in the en- 
riched rice. Only 3%, in the latter group, objected to the 
color. Homemakers preparing enriched and fortified pre- 
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cooked rice indicated no awareness of color: 679 pre 
ferred the enriched rice; 27% preferred the fortified rice, 
6% expressed no preference. The basis for the prefer 
ences Was on qualities other than color, When these same 
homemakers were asked to comment on color specifically, 
none found it objectionable. It appears that consumers 
will readily accept rice enriched by the powdered premix 
method whereby riboflavin as well as thiamine, niacin, 
and iron is added to the level specified in the Federal 
standard, (See page 620). 


Storage study Potato granules 
Storage characteristics of potato granules. ht. M. Steph 
enson, T. Sano and P. R. Harris. 


Potato granules are subject to non-enzymatie browning, 
oxidative rancidity, and other deteriorative changes. This 
paper covers extensive storage study conducted to deter 
mine the effect of moisture content, storage temperature, 
inert gas packaging, sulphite salts and antioxidants. 
Moisture contents in the range of 89-10% retard ran 
cidity but make the granules subject to non-enzymatie 
browning at elevated temperatures, At room temperature 
storage, color is stable even at 10% moisture. Storage in 
oxygen atmosphere allows ranecidity to develop quickly. 
Storage in inert gas atmosphere prevents raneidity but 
has limited packaging application. Sulphite salts are es 
sential in protecting color during processing and are re 
quired at levels low enough not to be an adverse factor 
in flavor. Some antioxidants are very effective in protect 
ing against off flavor and aroma at eoncentrations as low 


as 5 p.p.m. or less. (See page 622). 


Military feeding Instant bread mia 
Modern baking concepts for troop feeding. Samue! A. 
Matz, Jason Miller, and Julius Days. 


Atomic warfare would involve supplying bread to rapidly 
moving and highly dispersed units composed of relatively 
small numbers of men, It is difficult to adapt conventional 
bakeries to the conditions because the usual method of 
bread preparation involves repeated manipulation of large 
volumes of dough which must be held at controlled tem 
peratures for relatively long periods, To circumvent these 
difficulties, an “instant” bread mix leavened by a chemical! 
system and flavored with additives has been developed. 
This mix is suitable for use in a continuous dough mixer 
and ean be completely prepared for the oven in 10 min 
utes. The necessary features of a proposed field bakery 
utilizing this mix are deseribed. (See page 625). 


Vital gluten 


Protem supplement 


Functional properties of vital gluten. Walter A. Carlson 
and Elliott M. Ziegenfuss. 


Vital gluten is now widely used as a concentrated source 
of protein (80%). Many of the applications, both present 
and future, take advantage of the functional properties 
that are inherent with wheat protein extracted from flour 
by a washing process and carefully dried to retain the 
“vital” characteristic. This study identifies and illustrates 
some of these properties, including those of binder, liquid 
absorber (both water and oil), continuous film forming 
agent, and others. (See page 629). 
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Its unvarying excellence and dependable uniformity make 
Zimco best for the taste you want. The Original Lignin Vanillin, 
Zimco is produced in a painstaking, carefully controlled, 
step by step manufacturing process. 

Its fine flavor and aroma are the result of continuous 
research and development. 


@ 


{a 
and 
| 
| 
<> ~ od 4, \ 
"] Ife ( LI KY 
igs 


The Chemistry, Microbiology and Physics of 


Grain Storage °° 


‘Ton IMPORTANCE Of cereals in the 
growth of civilization has depended in large measure 
upon their excellent keeping qualities when stored in 
a relatively dry state. Under unfavorable conditions 
of harvesting, however, the moisture content of the 
grain may be sufficiently high to permit various types 
of deterioration during storage. The hazards are in 
creased in long-time bulk storage. An understanding 
of the scientific principles of grain storage is of great 
importance during this era of surplus production 
(irain storage studies at the Minnesota Agricultural 
Experiment Station were initiated by Dr. C. H. Bailey 
in the Department of Agricultural Biochemistry in 
1916. The author became associated with these re 
When the importance of fungi in 
the deterioration of grain was fully realized, a co 


searches in 1938 


operative research program was established with Dr 
(. M. Christensen, Department of Plant Pathology 
and Botany. This paper will be confined to a general 
review of the researches on grain storage conducted 


at the Minnesota Station during the past 20 years 


THE ROLE OF MOLDS IN GRAIN RESPIRATION 
AND DETERIORATION 


Respiration is common to the vast majority of liv 
ing organisms, and a study of the respiratory rate of 
grain under various conditions provides a laboratory 
means of determining the significance of different 
variables involved in grain storage. Under aerobic 
conditions oxygen is absorbed and such nutrients as 
carbohydrates and fats are oxidized, with the release 
of energy and the formation of carbon dioxide and 
water as end products, Partial oxidation of these 
substances can also oecur in living cells without the 
use of molecular oxygen with the formation of such 
end produets as carbon dioxide, ethyl aleohol and 
various acids. The method commonly employed by 
earlier workers for measuring grain respiration was 
to seal weighed quantities of grain of known moisture 
content in a closed container and ineubate it at con 
stant temperature for 3 to 4 days. At the end of the 
trial, the accumulated carbon dioxide was determined 
In dry grain free from insects, the average rate of 
carbon dioxide production was very low and changed 
little with increasing moisture content until a critical 
moisture range was reached above which the respira- 
tion rate accelerated very rapidly. Respiration curves 
do not serve to indicate whether or not grain will 
actually heat in storage beeause such factors as the 
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temperature and soundness of the grain and the size 
and shape of the bulk are also involved. However, 


grain at moisture levels where respiration is enhanced 
represents a potential storage hazard. Critical mois- 
ture values for the cereal grains varied between 14 
and 15‘¢ whereas that for flaxseed was somewhat 
under 11% : these data were of great value in estab- 
lishing the Official Grain Standards. Although sev- 
eral of the early investigators noted that various fungi 
were present on the surface of grain and within the 
seed coats, their role in grain respiration was not 
understood. Some workers attributed the increased 
respiration above the critical moisture levels to an 
increase in the metabolism rate of the living seed; 
others believed that molds were primarily responsible 
(27). In the researches of the author and his associ 
ates major emphasis has been placed on studies de 
signed to elucidate the significance of molds in grain 
storage. Insect-free grain was used throughout. 


\ multiple respirometer was devised in which grain 


held at constant moisture and temperature was aerated 
continuously at controlled rates (19 The effluent air 
was mecsured at 24-hour intervals and a sample ana- 
Ivzed for carbon dioxide and oxygen. In this way 


data were obtained for the oxygen and carbon dioxide 


content of the effluent air, total oxygen consumption, 


total carbon dioxide production and the respiratory 
quotient (ratio of the moles of carbon dioxide pro- 
duced to the moles of oxvgen consumed Using this 
apparatus, low and virtually constant respiratory 
rates were obtained in experiments with wheat, corn 
‘contents of these 


10, 22). Small 


and soybeans when the moisture 
grains were below about 14% (1,3. 16.2 
increases in moisture content above this value were 
accompanied by respiratory increases after a lag 
period of several days after which equilibrium con- 
ditions were approached. Further increases in the 
moture content of the evrain shortened the lag period 
and inereased the ultimate rate of respiration. Respi- 
ration-time curves for high moisture grain were similar 
in form to a microbiological population growth curve. 
Mold counts showed that increases in respiratory rate 
were associated with the growth of certain species of 
Aspe rqillus and Pe nicilium The so-called critical 
moisture values at which the respiration increased 
rapidly and such biochemical changes as loss in via- 
bility, inerease in fat acidity, and decrease in non- 
reducing sugars became more pronounced were found 
to correspond with the minimum relative humidity 
approximately 70 to 75°) at which the most xero- 
phytie species of molds present on and in the grain 
would Moreover. suppression of mold growth 
with fungistatic agents prevented the sharp increase 
in respiration, decrease in viability and marked chem- 
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ical deterioration which invariably occurred at favor- 
able temperatures when grain was stored at moisture 
contents exceeding the eritical range (17). 

Direct experimental evidence on the important role 
played by molds was obtained in 1954 with a white 
wheat of high viability free of any internal mold in- 
fection. Molds on the surface were destroyed by mild 
treatment with sodium hypochlorite. The respiratory 
rates of the mold-free wheat measured over an 18-day 
period at 35° C. and moisture levels ranging from 15 
to 31% were quite low and for each moisture value 
they were rather constant with time (14). In con- 
trast, the respiration of other lots of the original wheat 
at the same series of moistures but which had been 
inoculated with a mixed culture of molds from moldy 
wheat, markedly increased after a few days. Large 
increases in fat acidity and decreases in non-reducing 
sugars occurred in the moldy samples but only slight 
changes were observed in the mold-free wheat. These 
experiments provided a clear-cut distinction between 
deteriorative processes inherent in the seeds them- 
selves and those produced by the normal microflora 
on and within the seed. 


MINIMUM MOISTURE CONTENTS REQUIRED 
FOR MOLD GROWTH 


in the growth of microorganisms that part of the 
water which is free to exert vapor pressure is of major 
significance. In biological materials some of the water 
molecules are tightly adsorbed on the surfaces of the 
biocolloids and are more closely packed than in water 
in the liquid state. The fraction which is considered 
‘*free’’ is most conveniently defined in terms of the 
water activity (the vapor pressure of the moisture in 
the grain relative to that of pure water) or the rela- 
tive humidity (when expressed on a percentage basis ) 
Grain and air are in equilibrium when the water vapor 
pressure in the grain is equal to that in the air. 

Microorganisms vary widely in the minimum rela- 
tive water vapor pressures at which they will grow. 
Bacteria are hydrophytes and most species and strains 
require relative humidities of 95% or higher for 
growth. At 95% relative humidity and 25°C. the 
cereal grains contain about 21 to 23° moisture so 
that bacteria are not a factor in spoilage and deteri- 
oration at the moisture contents normally encountered 
even in damp grain. Many of the mold species com- 
monly found on grain are xerophytes with minimal 
relative humidity requirements of 80% or lower (3-8, 
31-33). In respiration trials, which are normally con- 
ducted over a period of 10 to 20 days, Aspergillus 
flavus and some Penicillium species will grow on 
wheat at 80° relative humidity (about 16.0% mois- 
ture), whereas A. glaucus will grow at about 75% 
relative humidity and A. candidus at a slightly higher 
humidity. As has been shown in England some species 
of Aspergillus will develop after a prolonged latent 
period at moisture contents in equilibrium with rela- 


tive humidities as low as 65%. The reason that eriti- 
cal moisture levels of about 14 to 15% found in short- 
time respiration trials are not safe for prolonged 
storage of cereals is apparently associated with the 
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finding that molds will invade grain when stored for 
several months at moisture levels below 15.0%. Of 
particular significance is the discovery of Christensen 
and coworkers in 1955 that Aspergillus restrictus, not 
heretofore found in wheat or other grains, will invade 
wheat and barley stored in the laboratory at moisture 
contents as low as 13.5% for 16 months (24, 3/7). Later 
observations reveal that it will develop at 13.2% 
moisture. This species grows very slowly and is not 
observed at moisture levels which permit the growth 
of other species. These observations imply that the 
maximum moisture content for long-time storage of 
wheat and barley should not exceed 13.0%. The grain 
temperature is also, of course, an important factor 
The optimum temperature for the molds responsible 
for grain deterioration ranges between 29.4 and 35° © 
(85 to 95° F.) and cool wheat has been safely stored 
during the winter at the head of Lake Superior at 
moisture contents in the order of 16% 


INFLUENCE OF OXYGEN AND CARBON DIOXIDE 
CONCENTRATION ON MOLD GROWTH AND 
GRAIN DETERIORATION 


When respiration trials are conducted with insuffi 
cient aeration the maximum respiration potential is 
not achieved. The question arises whether the de 
crease in oxygen concentration or the accumulation of 
carbon dioxide is the more important factor. Respira 
tion trials have been carried out with two series of 
gas mixtures (26). One comprised mixtures of oxygen 
and nitrogen containing from 0.2 to 21° oxygen; the 
other contained 21% oxygen and varying quantities 
of carbon dioxide and nitrogen to provide carbon 
dioxide levels of 0.02 to 79% by volume. These mix 
tures were drawn through viable wheat maintained 
at 18% moisture and 30° C. for 16 days. As the oxy 
gen concentration was lowered, mold growth, germ 
damage, fat aeidity and respiration rate all gradually 
decreased. Even at 0.2% oxygen, some mold growth 
occurred ; a respiratory quotient of 8.8 for this samp 
indicated that anaerobic metabolism was taking plac 
in the presence of 21% oxygen, increasing levels of 
carbon dioxide had little effect upon respiration rat 
until the concentration exceeded 13.8 to 18.64 , when 
a very sharp and marked inhibition of respiration, 
mold growth, and development of fat acidity occurred 
At large carbon dioxide concentrations (50 and 79° 
the viability of the wheat remained high and there 
was little or no germ damage. 


STUDIES ON GERM-DAMAGED OR SICK WHEAT 


Among the most poorly defined types of damage 
associated with the storage deterioration of grain is 
the condition known as ‘‘germ-damaged’’ or ‘‘sick’’ 
wheat. This condition is manifested by kernels which 
have a dull appearance and the germs or embryos 
exhibit various degrees of discoloration from light 
brown to black. The ‘‘sick’’ kernels are not viable 
and the germs are invariably heavily invaded with 
molds (15, 23,33). Such wheat vields flour of in 
ferior color and baking quality. 

Commercial experience reveals that the develop 
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ment of germ-damaged wheat is particularly preva- 
lent after wet harvests and usually makes its appear- 
ance after storage in large quantities for some time. 
Although molds are present in large numbers, there 
was considerable question whether they could be the 
primary cause of the condition since elevator operators 
have reported that germ damage sometimes develops 
in stored wheat which, at the time our studies were 
initiated, was regarded as too low in moisture to sup- 
port the growth of molds. Moreover, there was some 
evidence in the literature that' germ damage can oceur 
even) when mold growth is prevented by fungistatic 
agents or by storing wheat in an inert atmosphere. 
However. exposure of wheat to short periods of 
high moisture during or subsequent to harvest might 
promot the invasion of the Seed by molds. The en 
zymes which were synthesized could perhaps cause 
deteriorative changes even though the wheat was sub 
sequently stored at a ‘‘safe’’ moisture content. This 
was tested by storing surface-disinfected and mold 
inoculated samples from a lot of sound wheat at ap 
proximately 14% moisture and room temperature (23 
to Bo” ¢ for one vear after being held at 15, 18, and 
21°) moisture for 5 to 15 days (29). The most severe 
preliminary treatments, especially in the presence of 
heavy mold contamination, decreased the viability of 
the grain but there was little evidence of *‘sick’’ wheat 
immediately after treatment. However, upon subse 
quent storage at 14° moisture there was a progressive 
inerease in the percentage of ‘‘sick’’ wheat, particu 
larly in the mold-inoeulated samples. Further experi 
ments demonstrated that wheat heavily infested with 
molds will show increases in germ damage and fat 


acidity even when stored at 13 and 12% moisture 


i, 12,29). In these experiments, the rate of deteri 
oration was markedly accelerated by increasing the 
storage temperature from 75 to 100° F 23.9 to 
37.8 ¢ These results, in conjuction with the sub 


sequent finding of Aspergillus restrictus in’ wheat 
stored at 13.5 to 14.5% moisture for 7 to & months. 
provide a rational explanation for the observations of 


commercial operators 


STUDIES ON THE EFFECTIVENESS OF AN INERT 
ATMOSPHERE IN PREVENTING GRAIN 
DETERIORATION 


In recent years there has been considerable interest 
in the storage of grain in air-tight or hermetically 
sealed bins. In a sealed system, the respiratory proe 
esses of high-moisture grain with its associated molds 
and sometimes insects) would soon deplete the oxy 
ven supply and increase the carbon dioxide eontent of 
the interseed atmosphere to a point where these bio 
logical agencies would be inhibited and spoilage would 
thus be prevented. Indeed, reports have been pub- 
lished in which wheat, rice and corn have been safely 
storec| under sealed conditions at moisture contents 
which would normally result in rapid deterioration 
However, these reports almost invariably mention 
that the grain had a sour odor. In 1948, some prelimi 
nary experiments involving the storage of wheat in 
sealed containers equipped with manometers were 
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carried out at the University of Minnesota. At mois- 
ture levels above about 16%, strong positive pressures 
developed after several days. These pressures re- 
vealed that the gaseous exchange involved respiratory 
quotients exceeding 1.0 and were indicative of anae- 
robic metabolism; moreover, these samples had a 
disagreeable sour odor. 

Recently, systematic studies have been carried out in 
which sound viable wheat containing 13 to 18% mois- 
ture (in 1.0% inerements) was stored at 20° C. and 
30° C. under atmospheres of either air (renewed 
daily) or tank nitrogen (0.04% oxygen present) for 
36 weeks (9). In the trials under nitrogen at 30° C., 
anaerobic metabolism occurred and the samples lost 
viability at the same rate as corresponding samples 
stored in air. Although mold growth was inhibited 
and fat acidity increased more slowly in the nitrogen- 
stored samples, germ-damaged kernels developed at 
a comparable rate to the air-stored samples. At 20° C., 
however, the decreases in viability and appearance of 
germ damage were less in the nitrogen-stored samples. 
These results show that germ damage can result from 
the storage of wheat in the absence of mold growth, 
particularly at high storage temperatures. Storage in 
a sealed or inert atmosphere will prevent heating and 
rotting and may be utilized for preserving high-mois- 
ture grain for feeding purposes; however, the oecur- 
rence of anaerobic fermentation and the resulting 
sour condition offer little promise for preserving 
cereals containing excess moisture which are to be 
utilized for processing human foods. 


METHODS FOR DETECTING DETERIORATION 
IN WHEAT 


A number of tests may be used to determine the 
‘commercial condition’’ of grain and to predict its 
future storage behavior. Mold counts and viability 
tests indicate whether incipient deterioration has de- 
veloped and fat acidity, as well as non-reducing sugar 
content, serve as measures of the extent of the actual 
damage which has already occurred. Tests of this 
nature have their limitations in practical elevator 
operation but are to be preferred to estimations of 
germ damage made by observing the extent of dis- 
coloration. Visual examinations of this nature are 
highly empirical and fail to detect the early stages of 
deterioration which precede the actual appearance of 
discoloration. Several attempts have been made to 
develop biochemical methods which would be more 
reliable and convenient indices of storage behavior 
than those at present available. A decrease in via- 
bility is one of the first changes to be detected in grain 
storage and studies have been conducted on the utility 
of the measurement of dehydrogenase activity as a 
means of estimating viability (25). This test is based 
on the reduction of 2,3,5-triphenyl tetrazolium chlo- 
ride to a red-colored compound (formazan) which can 
be extracted from the grain and determined by meas- 
uring the absorbance of the extract. Application of 
this test to wheat showed that the relation between 
absorbance and viability varied with variety, loea- 
tion of growth, and with the degree of mold infesta- 
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tion. Nevertheless, studies on 68 commercial samples 
of wheat gave the following correlations between dif 
ferent indices of deterioration (30): 


Simple correlation coefficients 


Fat acidity | Formazan value Germ damage 


Viability —0.92 0.60 0.49 
Fat acidity 0.56 +0.46 
Formazan value 0.69 


Present methods for the quantitative estimation of 
mold infestation in cereals determine the number of 
viable spores which are present. Non-viable or dor 
mant spores are not included in the count, and appre 
ciable vegetative growth may oecur under suboptimal 
conditions without producing any viable spores. It 
would seem that a quantitative chemical method for 
estimating mold mycelia in wheat might be a better 
index than spore count of the actual degree of mol: 
infestation. The vegetative cells of many species of 
mold fungi contain thick chitinous cell walls and in 
preliminary studies significant differences have been 
obtained between the glucosamine contents of wheat 
samples with high and low degrees of infestation (1/7) 
The determination is rather involved, however, for 
routine use. Recent experiments have revealed that 
marked increases in inorganic phosphate and decreases 
in phytic acid phosphorus occur when wheat undergoes 
deterioration (10). These increases occurred in wheat 
which had become non-viable due to storage either in 
air or nitrogen and are apparently due to wheat phy 
tase activity. The determination offers some promise 
of serving as a useful index of poor previous storage 
conditions and of future storage hazards 


HEATING OF STORED GRAINS 


The rise in temperature which occurs in cereals or 
other materials without any external cause has long 
been called ‘‘spontaneous’’ heating. Cereal grains 
stored at moisture contents below those in equilibrium 
with about 75% relative humidity are not subject to 
heating over normal storage periods, unless infested 
with inseets. The respiratory activity of the dry grain 
is so low that the small amount of heat produced is 
dissipated without a significant increase in tempera 
ture. However, if the moisture content is sufficiently 
high to support mold growth, or if insects are present, 
spontaneous heating may occur. Various workers have 
made laboratory studies of heat production in small! 
lots of grain contained in Dewar flasks but tempera 
ture increases have not been observed at moisture 
contents where heating occurs in bulk storage. Grain 
is self-insulating because of its poor thermal condue- 
tivity and hence the heat loss is reduced when the mass 
is increased. 

In recent years, several workers have constructed 
apparatus which permits the study of heating under 
conditions which are nearly adiabatic. The author 
and his associates studied the heating of soybeans and 
wheat in an adiabatic apparatus which provided for 
aeration and the determination of respiration (16, 21) 
at moisture contents of 18 to 22%. The heating oc- 
eurred in two distinct stages, the first stage was 
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largely a consequence of mold metabolism and ended 
when a temperature of 50 to 55° C. was attained. At 
this temperature the rate of carbon dioxide produe- 
tion fell to a low level and little temperature increase 
occurred. After 2 or 3 days the temperature rose very 
rapidly and carbon dioxide production greatly in- 
creased ; in one experiment with soybeans the tempera- 
ture increased 11.5° C. in one day and reached 101° C. 
when the experiment was terminated. This second 
heating phase could only be ascribed to nonbiological 
oxidation since autoclaved sterilized seeds heated spon- 
taneously when stored under adiabatic conditions at 
about 54° ©. and aerated. 


THE PHYSICS OF GRAIN DRYING 


These investigations have established that the de- 
terioration of grain in storage depends upon several 
factors, such as the kind and condition of the grain, 
the nature and extent of contamination with molds, 
the oxygen and carbon dioxide concentrations in the 
interseed gas, the moisture content of the grain, and 
the temperature and length of time of storage. Of 
these, the moisture content, along with temperature, 
is the main factor which determines the intensity of 
respiration and heat production. The only effective 
method for the long-time storage of grain is to hold it 
at a moisture content low enough to prevent molds 
from developing in any part of the bulk. Even grain 
stored in a relatively dry «- adition may spoil as a 
result of moisture migration caused by temperature 
differences within the mass of grain. In northern see- 
tions of the United States, the outer layers of grain 
decrease slowly in temperature during the fall and 
winter months. Grain has a low thermal conductivity 
and the interior of the bulk is insulated against tem- 
perature changes by the surrounding outer layers. 
Moisture migrates in the vapor phase from the warm 
interior mass to the cool upper and outer layers of 
grain as a result of the convection currents which are 
established. When the warm air cools, the relative 
humidity increases and the moisture content of the 
cool grain increases. With time, the moisture content 
of the upper layers may become sufficiently high to 
result in spoilage with the onset of warm weather in 
the spring. If localized heating occurs, the transfer 
of moisture from the hot to the cool sections of the 
bin is accelerated. This cause of spoilage can be 
avoided by ‘‘turning’’ the grain at intervals or by 
ventilating it with very low rates of air flow to prevent 
the migration of moisture. 

Grain which contains excessive moisture for safe 
storage must be dried. The literature contains numer- 
ous papers on the drying of grain. Most of the experi- 
ments have been concerned with practical applications 
in which air at a given initial temperature and rela- 
tive humidity is passed through the grain at a certain 
velocity. The temperature of the air decreases and 
the relative humidity inereases as the air moves 
through the grain and both will attain limiting values 
when the relative humidity of the air is in equilibrium 
with the moisture content of the grain. The drying 
capacity of the air thus decreases as it passes through 
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the grain. The rates at which the temperature and 
relative humidity change depend upon the rate at 
which moisture is being evaporated from the grain 
To formulate precise mathematical laws for grain 
drying it is essential to study the drying rate of indi 
vidual kernels which are fully exposed to air of con 
stant temperature and relative humidity. few 
workers, including the author and his associates (28), 
have conducted experiments under these conditions 
Hlowever, much more extensive studies are necessary 
before a general mathematical formula can be de 
veloped for the precise prediction of the drying rates 
of bulk grain. The equilibrium moisture contents 
of grain at any given relative humidity decrease 
slightly as the air temperature increases, but the actual 
sorption and desorption values for the elevated air 
temperatures used in commerical drying are not 
known. The drying rate of fully exposed grain is a 


function of the nature, size, shape and moisture con 
tent of the kernels and the temperature and relative 
humidity of the drying air. In general the rate of 
drying is greater, the higher the grain moisture, the 


higher the air temperature and the lower the air 
humidity. These conditions increase the differential 
in the vapor pressure of the grain and of the air. The 
moisture content of the grain decreases rapidly at 
first and then more and more slowly until it reaches a 
constant value when the vapor pressure of the water 
in the grain and in the air are in equilibrium. 

The rate of drying is limited by the rate at which 
moisture moves from the interior of a kernel to the 
surface and if the evaporation of moisture from the 
surface of the grain is too rapid, ‘‘case hardening’’ 
can occur which slows down the movement of moisture 
to the outer layers. The moisture differential between 
the surface and interior of the kernel sets up stresses 
which frequently result in fine fissures or eracks 
thereby damaging the grain for milling purposes. This 
difficulty may be obviated by drying high-moisture 
vrain in two to three stayes between which the gvrain 
is stored for several days to permit moisture equilib 
rium to be attained within the kernels, 


DISCUSSION 

Chemical changes in stored grain occur at varying 
rates which depend upon the moisture content, the 
oxygen supply, the temperature and the degree of 
soundness of the grain. The majority of the changes 
which take place are the result of the action of the 
enzymes of the grain or of the fungi which are present 
within the seed coats. When insect-free grain is 
stored at moisture contents and temperatures which 
preelude the growth of molds, it exhibits a low re 
spiratory activity and undergoes deterioration very 
slowly. At higher levels of moisture and temperature 
there is a marked inerease in enzymatic and respira 
tory activity and the various chemical changes associ 
ated with deterioration oecur more rapidly 

Researches are needed to determine the influence 
of variations in moisture and temperature within thy 
ranges encountered in grain storage upon the activity 
of the many individual enzymes which play a part 
in grain deterioration. 
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The key role which moisture plays in grain storage 
makes it imperative to intensify investigations of 
methods of drying grain with minimum alterations 
in nutrient content and processing characteristics. 
Drying stulies are of particular importance with corn 
because of the increasing use of the picker-sheller- 
harvester 
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Apathetic 
about 
vitamin A? 


That's understandable. Now and then something new 
comes along (like our new moisture-stable Myvax® Dry 
Vitamin A Palmitate), but in general vitamin A buying 
in today's high-quality market is a pretty routine matter. 
Once in a while, however, the routine may foul up. 
Then it becomes very important that the vitamin A pro- 
ducer be agile. 

A new-found friend of ours in the margarine business 
had this proved to him recently. Looked at his inventory 
sheets and noticed that for lack of vitamin A a shut- 
down was imminent. His regular source was terribly 
sorry to hear that. 

Whereupon he hung up and tried our number. In prac- 
tically a trice, he had the correct amount, form, and 
potency of owr vitamin A in his plant. And it was in cans 
custom-filled to his specifications. 

Naturally, we don't relish crisis. We try to be ready 
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for it, all the same. Most of our customers want to keep of the seed. Phytopathology, 47, 323 (1957 
their plants running without vast quantities of vitamin 
A sitting in the warehouse. 

We tranquilize them with fast shipments of liquid 
Myvax Vitamin A Palmitate and Acetate (delivered in 
custom-packed cans as Myvapack® Vitamin A). Also, of 
course, the high-potency Myvax Dry Vitamin A Palmitate 


FUTURE MEETINGS FOR FOOD TECHNOLOGISTS 


1958 
(with vitamin D if desired). Let the anxieties be ours. misnter ae = 

ecember meriean Association for the Advancement 
For information and prices, write Distillation Products 26-31 of Seience, Washington, D. C. 
Industries, Rochester 3, N. Y. Sales offices: New York 
and Chicago « W. M. Gillies, Inc., West Coast ¢ 1959 ‘ 
Charles Albert Smith Limited, Montreal and Toronto. March 4-6 Southeastern Conference on Better Foods, The 


Georgia Center for Continuing Edueation, 
University of Georgia, Athens, Georgia 


Nineteenth Annual Meeting of the Institute 
of Food Technologists, Bellevue-Stratford 
Hotel, Philadephia, Pennsylvania 


1960 
y 7; May 15-19 Twentieth Annual Meeting of the Institute of 


Food Technologists, Civic Auditorium and 
Hotel Whitcomb, San Francisco, California 


T) 


leaders in research and production of vitamin A 


1961 
May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 
York, New York 


Also ... vitamin E... distilled monoglycerides 1962 

...some 3700 Eastman Organic Chemicals June 17-20 Twenty-second Annual Meeting of the Insti- 
f . nd ind tute of Food Technologists, Americana Hotel, 
wary Bal Harbor, Miami Beach, Florida 


Distillation Products Industries An open invitation is extended to readers of FOOD TECHNOLOGY 
to send in to the Editorial Office, 11606 South Bell Avenue, Chicago 43, 


is division of Eastman Kodak Company _ linois notices of or of interest to food 
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Who likes 


Myverol® Distilled Monoglyceride emulsifiers? 


The lady on the end of the spoon? Hardly. She never 
heard of them. Her interest in the shortening she uses extends 
only to how well it helps her bake nice, light cakes with good 
texturc—and she hasn't the slightest interest in the Myverol 
Distilled Monoglycerides that help bring it about. Same with 
the margarine. She likes its creamy texture, how it tastes, how 
well it acts for frying 


The sales manager of the company that made these prod 
ucts? He probably knows about Myverol and likes the way it im 
parts qualitics to his margarine and shortening that carn choice 
space on the market shelves 


The food engineer? He likes Myverol because it is so free 
from impurities that he can use it after deodorization without 
affecting the taste, odor, or color of his products. And he 


distillers of monoglycerides 


made from natural 


fats and oils 


knows exactly how much emulsification he's imparting be- 


cause it can be added after the deodorization process. 


The control chemist? He likes Myverol because he can 
count on the uniformity of Myverol from shipment to shipment. 


The purchasing agent? He likes Myverol because he finds 
his company spending less for this type of emulsifier. It is such 
concentrated mono that a little goes a very long way—much 
more than makes up for the slightly higher cost per pound. 


Will you like Myverol Distilled Monoglycerides? The 
way to find out is to try it. We make it from most fats and oils, 
will be glad to send you samples, furnish more information. 
Write Distillation Products Industries, Rochester 3, N.Y. Sales 
offices: New York and Chicagoe W. M. Gillies, Inc., West Coast 
e Charles Albert Smith Limited, Montreal and Toronto. 


Also ... vitamin A in bulk 
for food and pharmaceuticals 


Distillation Products Industries is « division o¢ Eastman Kodak Company 
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Annual Poultry Science Association 


Technical Highlights of the 47th Meeting at Cornell 


Tue 477H ANNUAL and 50th An- 
niversary meeting of Poultry Science Association was 
held at Cornell University, Ithaca, New York, August 
5th to 8th. Over 1,300 members and guests listened 
to 250 technical and scientific papers presented te 
sections in genetics, physiology, nutrition, marketing, 
pathology, extension and instruction. Abstracts of all 
papers presented are published in the September 1958 
issue of Poultry Science. 


Atherosclerosis in chickens 

Papers presented in the genetics, pathology, exten- 
sion and instruction sections were generally of only 
indirect interest to food technologists. From the tone 
of papers presented in the instruction section the 
problems in getting sufficient trained poultry hus- 
bandmen are about the same as getting a sufficient 
number of trained food technologists. In the physi- 
ology section a series of papers was presented on 
factors affecting the cholesterol content of the egg 
yolk and poultry meat. In addition there were two 
papers on the incidence of atherosclerosis in chickens, 
one by Ferguson eft al. (Texas A & M College) and a 
second by Weiss (Rutgers University). A paper re- 
lated to these was presented in the marketing section 
on the effect of the diet of the bird on fatty acid 
composition of the body and egg yolk fat. This paper 
was by Feigenhaum and Fisher (Rutgers). 


Poultry meat quality 


There were several papers on quality factors of 
poultry meat. Essary (V.P.1) reported on a method 
for reducing bone darkening in frozen fryers. De 
Fremery and Pool (USDA) reported biochemical 
studies with chicken muscle as related to rigor mortis 
and tenderization. Holding poultry meat at tempera- 
tures above 30° C. resulted in marked increase in rate 
of disappearance of adenosine triphosphate and in a 
less tender muscle. Gamma irradiation had a marked 
toughening effect on pre-rigor muscle. 


Egg quality 


Much of the session this year was given over to a 
discussion of egg quality. Reports of consumer sur- 
veys in California and Iowa were made by Sanborn 
and Carlin, respectively. Cotterill ef al. (University 
of Missouri) reported some interesting work relative 
to buffering effect of egg white at different points on 
the pH seale. There is actually very little buffering 
effect in pH range from 7 to 9 which is the normal 
range of egg albumen in fresh market eggs. Outside 
of this range the egg white exhibited rather strong 
buffering effect. Yolk blemishes received consider- 
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Department of Poultry Science, Purdue 
University, Lafayette, Indiana 


able study as indicated by reports from MeNally and 
Brant (USDA) and Mitchell and Stadelman (Pur 
due). Blemishes on the egg yolk which during the 
past several years have been attributed largely to poor 
feed formulation or addition of certain medicinals 
were found to be naturally occurring in many eggs 
Factors affecting loss of albumen quality during 
storage were discussed by Mueller (Pennsylvania 
State University). He concluded that a large per 
centage of variation in albumen quality loss during 
storage could be attributed to differences in initial 
albumen quality, rate of carbon dioxide loss, and rate 
of water movement from the albumen into the yolk 
Kyle and Mitchell (Purdue) reported on heritability 
of rate of albumen quality loss indicating that this 
characteristic is rather highly heritable. 

There was considerable discussion at the meeting 
relative to use of mineral oil or other preservatives 
for shell treating eggs. Swanson ef al. ( Minnesota 
presented the only paper on this subject. The results 
clearly indicated that shell treatment should be con 
sidered only as a supplement to refrigeration and not 
a substitute for it in marketing of quality eggs. Oiling 
was an effective means for improving quality of eggs 
when propertly handled with adequate refrigeration 
Some improvement was noted when eggs were handled 
without refrigeration but the quality of eggs was not 
sufficiently good to be acceptable on a quality market 


Improving albumen quality 


Helbacka and Hall (University of Maryland) re 
ported on a means for improving albumen quality of 
the freshly laid egg. The inclusion of 2% ammonium 
chloride in the feed resulted in an increase of about 
10 Haugh units in eggs produced. Improvement in 
albumen quality was accompanied by a reduction in 
shell quality so that further work is needed to get 
commercial application of this means for producing 
higher quality eggs. Baker et al. reported on research 
at Purdue University dealing with lysozyme content 
of chicken egg chalazae. They reported that the cha 
lazae were particularly rich in lysozyme and also that 
the structure of the chalazae did not break down at 
the same rate as other albumen components of the 
egg. This work indicates the need for further study 
regarding relationship of lysozyme content of eggs 
and rate of albumen quality loss. 

There were numerous papers in the nutrition sec 
tion relative to methods for improving quality of 
rations for poultry which would undoubtedly have 
bearing on rations for other animals. There were nu- 


(Continued on page 17 following Technical Section) 


— 
2 
| 
ay 
a 
Ate 
aig 
4 
gh 


| 


Sanitary Control in Processing Citrus Concentrates 


|. Some Specific Sources of Microbial Contamination 


from Fruit Bins to Extractors 


Manuscript received May 31, 1958) 


HAS BEEN DEFINED 
safe-cuarding health through cleanliness. As applied 
to the food industry, it means that every product 
canned or frozen must be produced under hygienic 
conditions for human consumption, and must comply 
with local, state, and federal laws. Sanitation is an 
integral part of plant operation and embraces ontrol 
of both microscopic and macroscopic contamination of 
all types. In the frozen citrus concentrate industry, 
microbial control starts when fruit enters the process 
ing plant. Here, unsound fruit is removed in the 
grading operation, and sound fruit washed and sani 
tized prior to the extraction process. The sanitary 
condition of fruit handling equipment and the effi 
ciency of fruit washing operation play an important 
role in controlling microbial population of the ex- 
tracted juice. Subsequent stages of processing prior 
to evaporators require an efficient control program 
to minimize bacterial activity. This means that juice 
extractors, finishers, holding tanks, 
ete.) must be sanitized on a routine basis. Also re- 
quired is the elimination of focal pockets of contami- 
nation such as dead ends, and the use of sanitary- 


room equipment 


designed equipment 

On the sanitary aspects of processing citrus concen- 
trates, the literature contains only a few studies with 
Beisel (2) and Brokaw (3) being most informative. 
These two authors deseribed the manufacturing opera- 
tions and discussed cleaning practices employed. 

Fortunately, the pH values of citrus concentrates, 
which average from 3.4 to 4.0 (4, 10), limit the growth 
of microorganisms to those capable of tolerating this 
Organisms known to grow in single 
including 


acid medium 


strength juices of these acid foods (not 


lemon or lime juice) are laetie acid and acetic acid 
bacteria, veasts, and molds. Of this group, organisms 
belonging to the genus Lactobacillus are of prime 
coneern to bacteriologists. Lactic acid bacteria have 
been frequently implicated in the production of ab- 
normal flavors and odors in concentrates, among which 
are those described as being similar to ‘‘buttermilk’’ 
(5, 6, 8). Acetie acid bacteria, yeasts, and molds, on 
the other hand, generally do not grow rapidly enough 
to build up large populations under conditions that 
normally prevail during concentration of the juice 
(13). 

To retard gelation and separation of cloud and 
pulp, juice is usually flash heated either as it enters 


D. |. Murdock 
Staff Bacteriologist 
and 


Charles H. Brokaw 


Chief, Quality Control Department 
Minute Maid Corporation, Orlando, 
Florida 


the evaporators or early in the stages of concentration 
ducing bacterial contamination in evaporators (13), 


This process has a beneficial effect in re- 


but lack of sufficient heat treatment to destroy all 
microorganisms in the product, and the use of un- 
heated cutback juice, have necessitated sanitary con- 
cepts which are perhaps unique to this industry. 

The primary purpose of this paper is to point out 
some specific sources of microbial contamination in 
juice 
concentrating 


a) handling fruit from bins to extractors, (b 


from extractors to the evaporators, (¢ 
and packaging, and (d) equipment sanitizing and 
evaporator cleaning. Because of need for detailed 


data, each section will be presented separately. 


PROCEDURE 
The fruit surface studies reported in this paper 
were made in accordance with the procedure deseribed 
by D. lL. Murdock « /). Standard plating tech- 


nique was employed throughout the study. Orange 


serum agar was used as the plating medium, and all 
plates were counted after 48 hours of incubation at 


(ae? 


RESULTS AND DISCUSSION 
Fruit handling. 


received is dumped on to a conveyor system, graded, 


\t most concentrate plants, fruit 


stored in bins, regraded, washed, and sanitized prior 


to entering the extractors. The effect of each opera- 
tion on fruit surface contamination was investigated 
in one plant over a 14-day period during the Valencia 
season. The Kigure 1] 


per cent increase or decrease in fruit surface micro- 


averaged results show the 


flora after each sampling station. Fruit surface con- 
tamination from bins, for example, was based on sam- 
ples collected before and after use of the bins; from 
brush washer, from samples collected before and after 
this operation. It will be noted that fruit was reeon- 
taminated in the bins and by the flight elevator. The 
brush washer and chlorinated water rinse, on the 
other hand, effectively 
tamination 


reduced fruit surface con- 
The brush washer, as the name implies, 
is employed to wash fruit prior to entering the extrae- 
tors. This is usually accomplished by applying a 
detergent and /or wetting agent to the fruit entering 
the washer, and rinsing the fruit at the exit end with 


chlorinated water. The effectiveness of this phase of 
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Figure 1. Fruit surface contamination after various fruit 
handling operations. 


the operation on fruit surface contamination was in- 
vestigated in another plant. It was noted that rinsing 
fruit with unchlorinated water resulted in a 79% 
reduction in fruit surface microflora; the 10 p.p.m. 
and 20 p.p.m. chlorine rinse gave 92 and 98.8% redue- 
tion, respectively. It can be seen from these data, 
based on the average of 6 test runs for each variable, 
that chlorinated water used in conjunction with the 
brush washer improved the sanitizing efficiency of this 
operation. 

Recontamination of fruit surfaces. Recontamina- 
tion of fruit surfaces occurs after sanitizing if subse- 
quent fruit handling equipment is not kept in a sani- 
tary condition. This may result from slimy belts, 
sizers, and elevators. For example, a sample of slime 
from a canvas flap used to provide a more even distri- 
bution of fruit entering a size grader, gave a total 
viable count of 368,000,000 microorganisms per gram 
when plated. It is apparent this material will readily 
increase the microbial load on any surfaces it contacts. 

Conveyor belts can easily become ‘‘seeded’’ with 
microorganisms. This occurs in some plants where 
belts feeding fruit to the extractors travel over ex- 
panded metal. The belts become impregnated with 
pieces of fruit that are almost impossible to remove 
during the cleaning process. In other cases conveyor 
belts move over a series of rollers, which frequently 
stick and then become coated with citrus solids, re- 
sulting in the rollers contaminating the belt surfaces. 
A sample of this material was plated and found to 
contain 15,700,000 microorganisms per gram. 

Equipment employed to return overfow fruit which 
failed to drop into extractors on the first pass, may 
also be a source of recontamination of fruit surfaces. 
This part of the operation, which usually consists of a 
series of conveyor belts and one or more elevators, 
generally is not readily accessible. Consequently, it is 
frequently overlooked in the cleaning process, result- 
ing in unsanitary conditions. Pieces of fruit may 
accumulate on elevators, chutes, along edges of belts, 
ete. This material readily becomes seeded with micro- 
organisms and recontaminates fruit it contacts. An 
efficient sanitation program is needed in this phase 
of our processing operation, as the following data 
indicate 
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A eonveyor belt, frequently found in an insanitary 
condition, showed that oranges leaving the belt increased 
approximately 4-fold in contamination over fruit entering 
the belt (180,000 to 530,000 microorganisms per orange, 
respectively, based on the average of 2 tests). 

A serew conveyor, used to elevate excess fruit back to 
the extractor line, was difficult to clean, and split a large 
number of fruit. Consequently, it proved to be a serious 
souree of microbial build-up of fruit surfaces (Table 1 
resulting in the juice from No. 2 Line, which contained 
regular, plus overflow fruit, to be more heavily seeded 
with microorganisms than juice from No. 1 Line, which 
contained no overflow fruit (Table 2). 


TABLE 1 


Recontamination of fruit surfaces by screw conveyor used for 
handling overflow fruit from extractors 


Screw conveyor 


Test No 
Entering Leaving 
220,000 8. 000,00 
280.000 1100 
400,000 
520,000 ia 
5 500,000 15,.000,0 


Results expressed as the number of microorganisms per orang: 
Data obtained over a 4-day period 


TABLE 2 


Juice extracted from oranges on line containing 
fruit recontaminated by screw conveyor 


Line No. 1 Line No 
Test No No overflow Overflow plus 
fruit regular fruit 
13,900 13.5 
2 5,250 13,756 
11,250 
‘ 1,500 44,000 
5 47,500 107.2 


Result« expressed as number of microorganisms per ml. Samples 
lected before finishers over a 5-day period 


Baffle plates, used in most concentrate plants to shunt 
overflow fruit from one conveyor belt to another, may also 
be a souree of contamination. This occurs when fruit bx 
comes impinged on this plate, splits, and lodges between 
it and the conveyor belt. It was noted in one operation 
that oranges, which accumulated at this point to a depth 
of 5 to 6 inches, continually sloughed off and were then 
conveyed back to No. 2 Line of extractors. Plate counts 
made with juice from this line were higher than thos« 
made from No. 1 Line, which reeeived no overflow fruit 
However, when operating personnel in the juice roon 
started removing fruit from the baffle plate every 4 hours 
the level of contamination of juice from each line was 
comparable, as the data in Table 3 indieate. 


TABLE 3 


Contamination of juice from two extractor lines showing effect 
of fruit damaged on baffle plate used on Line No. 2 in con- 
junction with handling overflow fruit from extractors 


Line No. 2 Line No. 2 

Date Line No. 1 With baffle Date Line No. 1 With baffle 
No baffle (Fruit not No baffle Fruit 

removed ) removed ) 

Jan. 14 Not operating 424,000 Jan. 18 1,000 7 

Jan. 15 15,000 80,000 Jan. 19 1,000 1,006 
Jan. 16 3.000 212,000 Jan. 20 1,000 2.000 
Jan. 17 4,000 45,000 Jan. 23 67,000 61.001 


Results expressed as number of microorganisms per ml. of juice. A 


samples collected before finisher in each line 


574 
A 

| 
t 

4 

Ad 
col 

2 

| 


SANITARY CONTROL IN PROCESSING CONCENTRATES. I 


Finally, recontamination of fruit surface may also 
occur Just before fruit enters the extractors if they are 
not properly cleaned in their entirety. In the Brown 
machine, this may result from an accumulation of 
citrus solids in fruit hoppers, and/or fruit elevator 
which conveys individual fruit to the eutting knives ; 
and in the F.M.C, extractor, from the vibrating fruit 
feeder and/or bar lift 


Fruit grading. (Juality control starts with fruit 
entering the plant. If unsound fruit, composed of a 
large percentage of drops, soft deteriorated spots, 
splits, ete., is permitted to enter the extractors, it not 
only contaminates juice room equipment and evapo- 
rators, but may also result in ‘‘stale’’ or ‘‘old fruit’’ 
flavors in the finished product. For this reason, fruit 
» 


is graded, Figure before entering the bins and 


Figure 2. Efficient grading is essential in maintaining prod 
uct quality. 


again before the extractors. In the initial operation, 
unsound fruit received at the plant is sorted out, and 
fruit damaged by the bins removed by the final 
graders. The soundness of fruit entering extractors is 
sO Important in controlling final product quality that 
proper grading of fruit cannot be too strongly 
stressed. Unfortunately, the efficiency of this opera- 
tion leaves much to be desired in most plants. It is 
not uncommon for unsound fruit to reach the ex- 
tractors 

There have been few or no technological advances 
in fruit grading since the advent of the citrus process 
ing industry. It has been found (7) that on a grading 
table 4 feet in width, normal fruit should move no 
faster than about 30 feet per minute, and at least 2 
graders should be located on each side of the table 
Under these conditions, fruit should move over a table 
at a rate no greater than 120 boxes (90 pounds each ) 
per grader per hour for satisfactory grading. If fruit 
is less than normal quality, it may be necessary to re- 
duce the ratio of fruit to graders by as much as 50%. 
Nevertheless, grading tables are frequently operated 
at speeds far in excess of this rate. Movement of fruit 
at 100 to 120 feet per minute is not uncommon in some 


plants, making it extremely difficult to grade fruit 
efficiently when it passes over roller conveyors at this 
speed. Fruit grading, unfortunately, is considered 
by the industry more or less a necessary evil. If a 
plant is shorthanded, and an extra ‘‘hand’’ is needed 
for some other task, he is usually obtained from the 
grading tables—thus creating a shortage of graders. 

In a previous study (9) it was found both fruit sur- 
faces and extracted juice from splits and deteriorated 
fruit were heavily contaminated with microorganisms, 
as indicated in the data presented in Table 4. It is 
quite obvious from these results, if defective fruit is 
not removed from the line by the final graders, it will 
readily seed juice extracted from sound oranges. 

In another investigation an attempt was made to 
determine the effect of fruit quality on contamination 
of juice during a commercial operation. For 2 days 
every effort was made by the final graders to remove 
all defective oranges passing over the lines. During 
this period the fruit was considered to be ‘‘sound’’ 


having no splits, bruises, or soft spots. The next phase 


of study was made over a 3-day interval when a large 
percentage of oranges entering the extractors con- 
tained splits, soft spots, ete., resulting from the in- 
ability of graders to remove all defective fruit. Data 
in Table 5 show contamination of juice colleete] from 


various sampling stations from the extractors to the 
cutback tank. It will be noted that juice extraeted 
from sound fruit contained fewer microorganisms 
than juice extracted from poor fruit 

The above description of fruit as to degree of 
‘soundness’ is based on a casual examination prior 
to entering the extractors. In reporting fruit, either 
good or bad, no factual data were available to sub- 
stantiate statements made in reference to fruit qual- 
ity To obtain this type of information. 50 oranges 
were collected at random after the final graders, from 


TABLE 4 


Microflora on the surfaces and in the extracted juice 
of sound and defective fruit 


Contamination of 


xtracted juice 


microflora per ml 


TABLE 5 


Effect of fruit quality on contamination of cutback juice 


Sound fruit? 


Source of sample 


No. of Av ig 
ings perm 
Juice after extractors 76,36 6 7,950 
Before finisher 0 58 
( t k tank 15.5 
Composi sample from B xtractors before finisher 
All data obtained ngle 5-day period: viz Poor Fruit" 
f days and “Sound |} days 
r Fruit Containing high perce age of soft fruit with 
Sound Fruit Fruit vas vith n splits, b-ulses or 
sof ots 
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Type of fruit otal 
e! nee 
r Test 1 Test 2 
Seur f it 500 
Drops 1,000 1,500 
Deteriorated fr t 14 600 
Poor fruit 
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a conveyor belt feeding one line of extractors. The 
fruit was placed in a 5-gallon container, then examined 
individually, and the number of defeets (splits, soft 
spots, ete.) recorded as the per cent of ‘‘grade outs”’ 
per 50 oranges. To show the relationship between 
fruit quality and bacterial contamination of extracted 
juice, plate counts were made of the juice sampled 
before extractors each time fruit was examined for 
defects. A total of 15 samplings was made, using this 
procedure, over a 3-day period. Results presented in 
Table 6 show a definite correlation between fruit 
quality and bacterial contamination of the extracted 
juice. 


TABLE 6 


Relationship between quality of fruit entering extractors 
and contamination of extracted juice 


Juice sampled before extractors 
Microorganisms per ml 


% Frequency of 
Defects occurrence 


Min Max Arg. 
10 1,000 21,000 
106,000 186,000 146,000 
37,000 98,000 67,000 
90,000 120,000 105,000 
47,000 320,000 176,000 


Period covered i} days. Total samples examined—15. 
Nors. Per cent defects based on examination of 50 oranges collected 
at random from belt feeding one line of extractors. 


In another test the ‘‘50-orange bucket method’ was 
used to check the final graders every 1% to 1 hour over 
a 7-hour period. The pereentage of defective fruit in 


11 tests ranged from 0 to 2%, with defects being found 
in only 4 of the check samples. The fruit entering the 
extractors during this period was considered good. On 
another occasion, a similar examination made 4 times 
over a 2-hour interval showed defects in the range of 
0 to 14%, with an average of 8%. Fruit in this case 
was judged to be of poor quality. Of course, the per- 
centage of fruit actually being thrown out by the 
graders would be very small. 

The need for more efficient grading is indicated, 
especially when the percentage of defective fruit en- 
tering extractors is high, to minimize bacterial con- 
tamination of extracted juice. Since it has been shown 
that all defects are not removed during normal plant 
operations, pre-grading individual loads may be 
necessary to correct this situation. Loads containing 
numerous defects could be accumulated, then passed 
over grading tables at a slower rate of speed and a 
concerted effort made to remove all unsound fruit. 
The 50-orange bucket method, or some similar pro- 
cedure, could also be employed to check grading 
efficiency. 

It is obvious from our experience and, indeed, it is 
axiomatic that quality of the finished product must 
commence with use of good fruit, properly prepared 
for processing. Later control or manufacturing efforts 
will not restore good flavor or assure freedom from 
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sanitary defects if these primary raw material re 
quirements have not been fully met. 


SUMMARY 


Each fruit handling operation was investigated to 
determine its effect on fruit surface contamination. It 
was found that fruit is recontaminated by bins and 
flight elevators. The brush washer and chlorinated 
water rinses effectively reduced fruit surface con 
tamination. The result of these sanitizing operations 
is minimized, however, if subsequent fruit handling 
equipment is not kept in a sanitary condition. Slimy 
fruit sizers, conveyor belts, especially those in the 
juice room, are all contributing factors. Each unit 
operation of the fruit handling system must be care 
fully watched to prevent contamination of extracted 
juice. 

The importance of an efficient fruit grading system 
is discussed. Data are presented to show correlation 
between fruit quality and microbial load of extracted 
juice. 
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Use of a Light-Screening Agent for Retarding 


Oxidation of Process Cheese’ 


Manuscript received May 31, 1958 


Im PROBLEM OF FAT OXIDATION 
by photochemical action resulting in off flavors has 
heen recognized by food chemists and food producers 
for many years. These defects have been variously 
described as rancidity, tallowiness, fishiness, card 
board flavor, and oxidized flavor 

Coe and Le Clere (8) in 1932 attributed rancidity 
to the ultraviolet light range of the spectrum. They 
deseribed black or green containers as a means of 
solving this difficulty. Coe (7) extended this work 
to an investigation of several color filters of blue, 
purple, blue-green and shades of red as protection 
against oxidation of salad oils, mayonnaise, butter, 
lard and potato chips. He proposed the use of colored 
wrappers and bottles to screen out active wavelengths 

Buruiana (6) demonstrated the oxidation of milk 
He described this defect as fishi- 
ness. During the same year Stebnitz and Sommer 
(17) deseribed the catalytic effect of light in the 
oxidation of butterfat. Later in 1937 Stebnitz and 
Sommer (78) showed that fat composition influenced 
the susceptibility of the fat to light oxidation. Tem 
pleton and Sommer (20) proposed light screening 


by sunlight in 1937 


wrappers for the prevention of fat oxidation in proe 
essed cheese. In 1938 Barkworth (1) demonstrated 
that exposure of milk to sunlight resulted in a card 
board-like flavor in milk 

Light filtering methods gained more recognition in 
1939 when Barton and Davies (2) published their 
results on the use of colored samples of cellophane 
They de 


the quan 


to screen ultraviolet light from olive oil 
seribed two factors in light-screening a 
tity of light, particularly ultraviolet, transmitted by 
cellophane, and (b) the stability of the sereening 
dyes. They made the statement that ultraviolet rays 
were the most responsible portion of the spectrum for 
catalyzing fat oxidation. In 1942 Hood (17) pro 
posed the wrapping of butter in light) excluding 
materials 

A British patent was issued to Berry and Pritchard 
in 1945 (3) for a cellophane film containing a finely 
suspended salt of bis-( p-amino-benzoyl)-4-4' diamino 
stilbene -2-2’ disulfonic acid to sereen out light. Brit- 
ish Cellophane Limited (5) received a similar patent 
in 1946 

Coe (9) in the United States received a patent in 
1947 for incorporating dyes in wrapping materials 


These dyes are reported as sereening out light be 
tween 6300 and 6700 and below 4900 Angstrom units. 
The same year, 1947, Gluck and Barany (10) were 
authors of a patent assigned to Dufay-Chromex Lim 
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ited of Great Britain which utilized chemicals having 
the general formula RCH:NH:CHR’. The R and R’ 
were substituted or unsubstituted aromatic groups 
or heterocyclic or aliphatic groups 

An Italian patent (19) was issued in 1950 for 
gelatin or cellophane sheets impregnated with nickel 
and cobalt salts to screen out ultraviolet wavelengths. 
Various hydroxy benzoates and esters of benzoic 
acid were described by Meyer and Gearhart (12) in 
1951 as ultraviolet inhibitors for transparent plastics 
of the cellulose butyrate types 

Pearl (13) in 1952 obtained a patent for coating 
wrapping materials with 3 methoxy-4-hydroxybenzoie 
acid. This coating was for the purpose of making the 
wrapping materials impervious to ultraviolet. The 
same year compounds familiar to us as the suntan 
Wheelock (21), the author of 
this patent, utilized a group of organic compounds 


lotions were patented 


known as earbo-styrils. This patent also covered the 
use of these compounds in transparent films. 

Riley (14) obtained a patent in 1953 for dyes re- 
ported to be selective in light transmission ranges 
between 6300 and 7500 and capable of absorbing 
light below 4900 Angstrom units 

Dr. G. G. Rumberger (15) of Marathon Corpora- 
tion was issued a patent in 1956 for the use of diary] 
ketones for making wax compositions stable in the 
presence of light 

During 1953 a comprehensive study of mold growth 
on packaged cheese was carried on in our labora- 
tories. While making this study we consistently 
observed the occurrence of oxidized flavors in natural 
cheese which had been exposed to fluorescent light in 
retail-type dairy cases. Our attention was turned 
to process cheese in 1954 and we observed the same 
The oxidized flavor does not be- 
come apparent in natural cheese until after 4 days 


oxidative changes 
exposure to light By the 9th day the cheese becomes 
inedible. Process cheese, however, will show an oxi 
dized flavor within 48 hours. 

(iver the past several years we have investigated 
various colored films and chemical compounds for 
filtering the portions of light responsible for oxidized 
flavors. Colored films which screen out light are 
not attractive colors for the wrapping of cheese. Some 
customer resistance to opaque films has been reported 
With these things 
in mind, we investigated the use of light-screening 


by sales and advertising people 


chemicals 

The ones which seemed most applicable were sub- 
stituted benzophenones. These were obtained from 
Antara Chemicals of New York. The one most suited 
to our purposes was called Uvinul 490. 
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EXPERIMENTAL 


Uvinul 490 was coated on eellophane sheets in 4 different 
concentrations. These concentrations were 0.25, 0.50, 1.0 and 
10% levels of the wax coating normally placed on the type 
of cellophane wrapper used. These were coated on the film 
in a solvent before the waxing of the film. Cheese wrappers 
were made from the coated film and then process cheese was 
wrapped with the treated films. Untreated films were used as 
controls. The wrapped cheese was then stored in a dairy 
display ease at 45° FP. 
that the surface of each sample was exposed to one-hundre | 
foot candles of fluorescent light. Samples were removed at 24, 
48, and 64 hours and tested for oxidation by the thiobarbituric 
acid test. The test as used in our laboratory is a modified 
version of the test reported by Sidwell et al. (16). These 
samples were also submitted to a panel of cheese tasters known 


The exposed cheese was so arrange:| 


to recognize the oxidized flavor. 

All rolls of wrapper film used for cheese wrapping were 
cheeked for light-screening ability on a DK Recording Beck 
man Spectrophotometer by comparison to the untreated film. 


DISCUSSION AND RESULTS 


Results obtained by light transmission through the 
treated samples are shown on the graph in Figure 1. 
The 10% concentration absorbed most of the light 
in the ultraviolet range. The 0.25% voneentration 
permitted more ultraviolet light to pass through the 
wrapper but the absorption was still sizeable in the 
lower ranges. At the 10° level the cost of addition 
of Uvinul was calculated to be in the range of several 
cents per wrapper. However, the cost at the 0.25% 
level was of the order of 0.2 cents per wrapper. Be- 
cause of these facts, it was decided to determine what 
advantage in time was gained at all levels. Table 1 


vives these results. 


050% 


SPECTOPHTOMETRIC ANALYSES 
UVINUL 490 
CELLOPHANE -WAX COATED 
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Figure 1 


The coating was done on unprinted plain cello- 
phane wrappers. Previous experiments with colored 
cellophane wrappers had given a set of values which 
are shown in Table 2. 

Based on this knowledge, printed colored wrappers 
were tried in combination with Uvinul treated wrap- 
pers at the 0.25%) level. White, light blue, and dark 


blue wrappers were chosen because the cheese could 


be seen through these. The results of this test are 
shown in Table 3. 


TABLE 1 


Process cheese wrapped in Uvinul 490 treated 
wax-coated cellophane 


Exposure time 
Concen 


Type of wrap 
tration 


12 hours 24 hours 


Strongly Strongly 
oxidized 

Solvent coated Mildly 
oxidized 

Uvinul 490 26 Normal Normal 


Cellophane 
oxidized 
Strongly 


oxidized 
Uvinul 490 Normal Normal 
Uvinel 490 Normal Normal 


Uvinul 490 Normal Normal 


TABLE 2 
Light transmission through colored cellophane films 


Transmission ranges 


Color 
wavelength—millimicron 


Dark brown Essentially none 
Dark blue 150-480 
White 150-600 
Light blue 400-550 
Dark orange 550-600 


TABLE 3 


Oxidation of process cheese protected by colored, printed 
plus 0.025‘, Uvinul coated wrappers 


Type of wrap Oxidation time 


hours 


Light blue control °2 
White control 

Dark blue control 

Light blue + 0.256 Uvinul 

White + 0.250 Uvinul 

Dark blue + 0.25% Uvinul 


SUMMARY AND CONCLUSIONS 


Process cheese in normal cellophane wax-coated 
wrappers becomes oxidized within twelve hours. This 
oxidation proceeds to such an extent that within 
forty-eight hours the top slice becomes inedible. This 
process can be retarded by incorporating a substi 
tuted benzophenone within the wax coating normally 
applied to certain types of cheese wrappers 
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Technological Considerations in the Bulk 


Transportation of Citrus Juices: 


Monuscript received May 3!, 1958 


Ou OF THE BASIC PROBLEMS In the 


processing and distribution of a_ perishable food 
product is transportation of the food from point of 
processing to point of consumption. This problem has 
been met and solved in many ways in the history of 
the food processing industry. There will doubtless be 
many new methods developed and proved satisfactory 
methods which today seem only remote possibilities 
Transportation of food products is always a problem, 
but the transportation of a perishable liquid food, 
particularly in bulk, presents many unique facets 
Within the last several years the production and 
distribution of chilled citrus juice has become an im 
portant part of the gigantic Florida citrus industry 
Although this product is not new, it is only recently 
that the technology of production and transportation 
has progressed to the point where it could take its 
place along with the other fine processed citrus 
products from Florida. Chilled citrus juices are 
single strength juices extracted from fresh fruit and 
delivered to the consumer with an absolute minimum 
of physical processing. As a result of this mild treat 
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cally all of the natural flavor normally found in 


ment, they are highly perishable, but retain praeti- 


freshly extracted juice 


There are many instances where liquid foods, even 
raw o1 perishable foods, are moved routinely in bulk 
containers. Liquid sugar, molasses, beverage syrups 
and numerous other items are transported daily in a 
satisfactory mannet Milk is perhaps the most com- 
mon item of food moved as a bulk liquid. Bulk trans- 
portation is now common in all parts of the country. 
There have been shipments of chilled orange juice 
made from Florida processing plants to northern 
points by means of bulk insulated railears, or in- 


sulated tanker trucks 


As would naturally be expected, a highly perishable 
product such as orange Juice requires a constant low 
temperature during storage and transportation. With 
our modern insulated, refrigerated truck trailers and 
refrigerated rail cars the transportation temperature 
proble m has been solved Although these normal 
methods of refrigerated transportation are acceptable 
and reliable, they are also expensive. The economie 
aspects of this distribution has made the investigation 
of sea transportation a practical measure. 
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SEA TRANSPORTATION 


Several years ago, our Company entered the chilled 
citrus juice business. It became immediately apparent 
that the cost and availability of proper refrigerated 
transportation would be a continuing economic prob- 
lem. It was decided to investigate the possibility of 
using the cheaper sea transportation as the method 
of delivering our product to the New York market. 
To make sea transportation practical a large volume 
operation must be established and markets developed 
to consume this large volume of juice. While the mar- 
kets were being developed, the basie research program 
was also being developed to determine the feasibility 
of bulk transportation by sea. Bulk shipment, rather 
than shipment of the packaged product, would be 
faster, cheaper, and without the risk of damage to 
the fiberboard container normally used to package 
the product. 

In bulk methods, a large volume of fluid could be 
loaded or unloaded by pumps in a fraction of the time 
it would take stevedores to handle a comparable 
volume. 


BASIC PROBLEMS 


It was immediately obvious that if an ocean-going 
vessel were to be used in this project several factors 
would have to be determined. Some of the anticipated 
problems were architectural or engineering in nature 
and some were concerned with the technical aspects of 
how the juice would react under the conditions which 
would prevail. The basie problems were reduced to 
these 


1. How large can a storage tank be before sanitation 
and insulation problems become cumbersome, 
and how small can a tank be before it becomes 
uneconomical ? 


~- 


2. Can a pumping system be devised which will 
load, unload, and distribute large volumes of 
juice with no adverse effect on the product (such 
as aeration, etc.) ? 

3. In handling large volumes of juice in a single 
tank, will there be difficulty in pulp separation, 
temperature stratification, foaming, or any other 
product deteriorating mechanism ? 

4. Is there an inert protective coating suitable for 
the inner lining of metal tanks which may pro- 
vide a cheaper tank than regular polished stain- 
less steel ? 

5. Would it be possible to eliminate the sloshing, or 

tidal effect of a liquid in a tank as the result of 

the ship’s motion? 


Many of these considerations were examined in the 
light of our experience with chilled citrus juices and 
with the care and sanitation of the large volume 
equipment used in the manufacture of frozen con- 
centrated orange juice. The palatability of chilled 
citrus juices is destroyed under normal conditions by 
3 factors: microbial fermentation; oxidation; and 
enzymatic decomposition. There are certain process- 
ing techniques which will reduce, retard, or eliminate 
these 3 processes of deterioration. The ‘‘palatable’’ 


FOOD TECHNOLOGY, NOVEMBER, 1958 


shelf life of chilled citrus juice is a result of the effec 
tiveness of these processing techniques plus the effi 
ciency of the refrigeratién system under which the 
juice is stored. The actual size of the container, 
whether it be a quart paper carton or a 100,000 gallon 
stainless steel tank, is irrelevant if the juice has been 
treated properly and stored under proper conditions 

With this basic fact in mind, the pertinent ques 
tion then became not ‘‘can it be done?” but ** How ts if 
to be done?’’ Most of the anticipated problems were 
due, in their entirety, to the size of the operation 
Without exception, these problems were psychological! 
instead of scientific and disappeared as soon as they 
were placed in their proper perspective. 

There were real problems connected with the opera 
tion; many of these were concerned with the modifica 
tion of equipment to handle the anticipated volume 
and to devise cleaning procedures which would be 
adequate for the large tanks and equipment. 

The vessel selected for conversion to the orange 
juice tanker was a CIA general cargo freighter. This 
vessel is 412 feet long and has a displacement of 8,000 
tons. It has 5 cargo holds suitable for the installation 
of insulated tanks. Because of the difference in the 
size and shape of the cargo holds, each of the tanks 
is of a different shape and design. They were de 
signed to fit into the respective cargo holds with no 
structural changes in the ship. Seven tanks were 
installed in the first conversion, the sizes ranging from 
35,000 gallons to 78,000 gallons. Additional tanks 
were added from time to time as the need for addi 
tional volume oecurred. 

Studies were made of many protective coatings in 
a search for some product which would be satisfactory 
for lining the inside of a milled steel tank and thus 
eliminate the need for a vast amount of stainless stee! 
Several coatings were found which would impart no 
flavor to orange juice after prolonged storage, but 
they would not stand up under the cleaning pro 
cedures normally used. Those coatings which would 
stand the cleaning procedures imparted a detectable 
taste to the juice after periods of storage. 

The studies were initiated by actually constructing 
the tanks; the next step was lining the inside of a 
tank with the protective coating under consideration 
The tank was then filled with juice and remained in a 
refrigerated room for 3 weeks or until a flavor de 
veloped in the juice. There are several tank linings 
which are known to be satisfactory for orange juice ; 
they require, however, special application techniques 
which are impractical in a shipSoard application 
These were not considered. Such coatings as glass 
linings and baked phenolics present almost unsur 
mountable difficulties in the proper curing under 
field conditions. In the end it was considered best to 
rely on the more expensive, but reliable stainless steel 

The tanks are of stainless steel with a number four 
polish on the inside and a pickle finish on the outside 
All bracing is external. The tanks are insulated with 
6 inches of foamglass. The product is pumped into the 
bottom of the tank and is removed through the same 
opening. There is one manhole in each tank to allow 
the introduction of the cleaning equipment and sani 
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tarian. The tanks have a small insulated dome on top 
and are properly vented. After filling the tanks with 
produet the vents are closed and safety valves for 
both pressure and vacuum are installed. 


TESTING 


After construction and installation of the tanks 
aboard the ship they were subjected to numerous static 
tests to determine the effect of various physical con 
ditions. In addition to the hydrostatic tests conducted 
by the engineering department, the research depart- 
ment made studies to see how the tank was going to 
react when filled with orange juice. The tanks were 
filled with refrigerated water and the efficiency of 
the insulation was checked. Studies were made of the 
heat transfer through the weight bearing portions of 
the tanks supports and estimations were made as to 
the expected gain in temperature each 24 hours. 

Under these same conditions the temperature of the 
water was recorded from the bottom of the tank to 
the top at intervals of one foot. It was found that with 
a completely calm tank there was a distinet stratifica 
tion, or lavering, of temperature with the highest 
temperatures at the bottom of the tank. This was 
found to be the result of the increased heat transfer 
at that point, due to the weight-bearing portions of 
the tank construction—whieh were made of metal. It 
was also found that a very minute amount of agitation 
at certain points within the tank would cause cur- 
rents, or eddies, within the liquid which would hold 
the temperature at an even degree throughout 

Studies were made of the swirling effect due to the 
high velocity during loading and unloading pro 
cedures. With a simple baffle arrangement, this con 
dition was corrected and it eliminated any possibility 
of the incorporation of air at this point. As would be 
expected, with the absence of air there was no prob 
lem with foaming 

To facilitate cleaning, the inner surfaces of the 
tanks were polished and unbaffled. In ordinary 
tankers there are many baffles extending down from 
the top of the tanks which act to prevent the sloshing 
of the liquid. This sort of baffle would have made 
tank sanitation more difficult, and so studies were 
instigated to find methods to prevent sloshing with- 
out baffling. From pilot studies it was found that by 
use of a small raised dome on one end of the tank and 
by filling the tank while there was a distinct list away 
from the dome end, the tank could be completely 
filled. Such a procedure is easily accomplished by 
loading the after tanks first and thus settling the 
ship toward the stern 

With all of the air exhausted and the tank com 
pletely filled with juice, there was no danger of slosh- 
ing and subsequent aeration. This method of filling 
the tanks also eliminated the need for an elaborate 
vacuum system aboard ship, although such a system 
had been originally considered necessary. 


CLEANING 


Cleaning procedures established for the pipelines 
and tanks followed closely the procedures used for 
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years in the cleaning of smaller tanks. All pipelines 
are cleaned in-place, and the tanks are cleaned by thé 
high pressure circulation of a hot alkaline cleaning 
solution through revolving nozzles inside the tank. 
The cleaning procedure is quite simple. It is handled 
by 2 specially trained sanitarians, who have per- 
manent assignments to the ship for this purpose. 
Immediately after the tanks are emptied they are 
spray rinsed with cold water to remove most of the 
traces of juice and solids which cling to the wall of the 
tank. Following this rinse a portable dolly contain- 
ing a revolving spray head is placed inside the tank 
and attached to a high pressure hose, through which 
the hot cleaning solution is pumped. The cleaning 
solution is heated in a large surge tank and pumped 
through the revolving nozzles while the dolly is moved 
in a fore and aft direction. As the solution colleets 
on the floor of the tank, it is returned by the main 
cargo pump to the surge tank for reheating. This 
circulation of the hot solution not only cleans the 
tank but also the main cargo lines and main cargo 
pump. Following the cleaning solution, the tanks are 
again rinsed with cold water and one of the sani- 
tarians enters the tank for a visual inspection. This 
inspection serves to check the efficiency of the in-place 
cleaning and as a routine check on the physical eon- 
dition of the inside of the tank. By this method we 
eliminate the possibility of an undetected tank frac- 
ture due to heavy seas. Following this inspection the 
tank is given a final rinse and sealed for use during 


the next vovage 


SUMMING UP 


In the evaluation of the cleaning solution and 
cleaning procedures the tanks were sprayed with a 
fluorescent material, cleaned, and then examined with 
an ultra violet light to check the coverage of the high 
pressure spray. The inner surfaces of the tank and 
the pipelines were contaminated with a tracer or- 
ganism and complete bacteriological studies were 
made of these surfaces after cleaning to determine 
the bactericidal efficiency of the cleaning solutions and 
procedures, Every possible variable was taken into 
consideration in these dockside statie studies before 
cargo Was ever risked aboard the vessel. 

After careful study of the behavior of the tanks 
aboard the ship and the correction of the above men- 
tioned items, the first voyage was made in February, 
1957. As a result of the careful preparation and 
study, and the strict observance of the prescribed 
sanitary precautions, there have been no instances of 
inereased bacteriological counts in the product due 
to the handling and storage procedures. Samples for 
bacteriological analysis are taken from the main line 
to the ship at regular intervals during the loading 
operation, and from the main discharge line during 
the unloading operation in New York. At no time 
have inereased bacteriological counts been noted which 
were greater than those to be expected in orange juice 


at a given temperature 
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of microbial spoilage 
of fresh red meats has been a major problem in the 
meat industry. Within recent years antibioties (17, 2, 
i, 8, 11, 12, 13) and ionizing radiations (9, 10) have 
each found potential applications in the field of food 
preservation. Since food spoilage is caused by a 
number of different bacteria, only the antibioties with 
a wide spectrum of activity such as oxytetracyeline 
(OTC) and chlortetracyeline (CTC) have been found 
effective. These antibiotics at the concentrations used 
in foods are bacteriostatic ; ionizing radiations at low 
(pasteurization) levels reduce the number of or- 
ganisms present. 

Combining these two new techniques and applying 
them to perishable foods such as meats appear to offer 
significant advantages in extending storage life. 
Niven and Chesbro (7) showed through antibiotic 
sensitivity studies that bacteria resistant to irradi- 
ation were sensitive to the tetracycline group of anti- 
biotics. They also reported that adding these 
antibiotics to fresh meats which were subsequently 
radiated produced a further and significant preserva- 
tive effect. 

The initial series of experiments in this study were 
investigations of the stability of the tetracyclines at 
different levels of irradiation; the purpose was to 
determine whether appreciable antibiotic remained in 
meat after radiation to offer antibacterial protection 
during storage. The second series of experiments 
were undertaken to evaluate the storage life of meats 
treated with OTC and then radiated at pasteurization 
dosages. Samples were observed for changes in odor, 
flavor, and increase in total numbers of viable bac- 
teria. The antibiotic was applied by two methods 
antemortem injection and dipping of the meat slices. 
In previous studies (3, 6) antemortem injection re- 
sulted in good antibiotic tissue levels because the 
circulatory system of the animal distributed the 
antibiotic throughout the body. 


EXPERIMENTAL 


Inactivation of the tetracycline antibiotics by irradiation. 
Chiortetracyeline hydrochloride, oxytetraeycline hydrochloride 
and tetraeyeline (TC) hydrochloride were incorporated into 
ground beef and in distilled water at levels of 5 and 50 p.p.m. 


* Technical Paper No. 1125, Oregon Agricultural Experiment 
Station. 

"A report of research undertaken in cooperation with the 
Quartermaster Food and Container Institute for the Armed 
Forees, QM Research and Engineering Command, U. S. Army. 

* Presented at the Eighteenth Annual Meeting of the Insti 
tute of Food Technologists, Chieago, Hlinois, May 27, 1958. 
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(micrograms of antibiotic per gram of sample). Samples were 
packed into thermal death time cans, frozen, and then shipped 
to the Materials Testing Reactor (MTR), Areo, Idaho. The 
cans were irradiated with gamma rays at dosages of 0.18, 0.37, 
0.74, 148, 2.96 and 4.65 megarads and kept frozen until 
assayed. Prior to analysis, samples were mixed in phosphate 
buffer (pH 4.5) and centrifuged. Aliquots of the supernatant 
were then assayed, using the cylinder plate method and Bacillus 
cereus var. mycoides as the test organism (5). 

Radiation of meat treated with oxytetracycline by the ante- 
mortem injection procedure. Biostut* solutions were injected 
by the intrathoracic route into live hogs weighing about 200 
pounds each. Levels of 3, 6 and 30 mg. of OTC per pound of 
live weight were used. Two hours after injection the animals 
were slaughtered, dressed, and hung overnight at 32° F. Sam 
ples of the loins, pienies, and butts from these and control 
carcasses were wrapped in meat cellophane, packed in No. 10 
eans, frozen and irradiated at 0.79 megarad. Shipment of th: 
meats to and from the radiation source (MTR) was under dry 
ice. Upon arrival at the laboratory, the samples were removed 
from the eans, stored at 50° F., and observed for changes in 
appearance and odor to determine their storage life. 

Radiation of oxytetracycline-dipped meats. Slices of beef wer 
were dipped in a 100 p.p.m, OTC (500 p.p.m. Biostat) water 
solution; control samples were dipped in distilled water. The 
samples were dipped for 1 minute and drained for 10 seconds 
before packaging in poly-mylar-saran film. They were shipped 
from Corvallis to the MTR and irradiated at 0.1 and 0.5 
megarad, Shipment to and from the radiation souree was at 
32° F. When the samples were returned to the laboratory, they 
were stored at 34° F, and were examined organoleptically and 
bacteriologieally at regular intervals. Bacteriological counts 
were condueted by grinding a 10-g. sample in a blender and 
plating various dilutions on TGY Agar. Plates were ineubated 
it 90° F. and were counted after 48 and 96 hours. 


RESULTS AND DISCUSSION 


Effect of radiation on the residual level of anti- 
biotics. NStabilities of the 3 antibioties, CTC, OTC, 
and TC, when incorporated in meat or water and ex 
posed’ to ionizing radiations were similar (Tables 1 
and 2). The amount of antibiotic added could not be 
completely recovered from the nonirradiated samples. 
Thus, the per cent retention in each sample was caleu 
lated on the basis of the amount of antibiotic found 
in the nonirradiated sample. In the meats subjected 
to pasteurization levels (0.18 to 0.72 megarad) suffi 
cient antibiotic was retained to offer additional pro 
tection during storage. At higher dosages, from 0.72 
to 1.44 megarads, more than 10% of the antibiotic 
was retained in meats. At the sterilization level of 
4.65 megarads, the antibiotic was completely or almost 
completely destroyed when it was added at a level of 
5 p.p.m. to the meat. It is significant that at both 


“ Biostat is a food-grade product of Chas. Pfizer & Co., Ine. 
containing 20% OTC, 
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The Vital Story 


We live in a golden age of the sciences! 

In the science of nutrition discoveries of food elements 
and their action have resulted in the promise of better 
health for us all. 


Let's consider vitamin A as an example. 

A Capsule History. 19/3 was the year. Two teams work- 
ing independently with animal feeding experiments dis- 
covered that a diet which 
was good in all other re- 
spects but which varied 
only in the source of fat 
£ caused young animals to 
| thrive or sicken as the fat 


was varied. The work of 

= these teams (McCollum 
and Davis; Osborne and Mendel) led to the discovery 
of the food factor which we know as vitamin A. 


Composition and Action. A pale yellow, oil-soluble sub- 
stance, vitamin A is expressed in the chemist’s shorthand 
as C,H» OH. It is necessary in the diets of men and 
animals to promote the body’s growth and development. 
Vitamin A is a vital requirement in guarding the health 
of the eyes and skin, and for resistance against infection. 
It helps maintain the health of mucous membranes and 
other specialized epithelial and glandular tissues. 

Vitamin A enters the body as a constituent of food. 
Or it may be created within the body when a precursor 
of vitamin A is eaten. A precursor is a food element with 
potential vitamin A value but no actual vitamin A con- 
tent. For instance, many green leaves have a high vitamin 
A value but, paradoxically, contain no actual vitamin A. 
The body converts the precursor into the vitamin. The 
most common precursor of vitamin A is beta carotene, 
the natural yellow coloring of many foods, such as dairy 
products, cereal grains, carrots, alfalfa, etc. 

When consumed in food vitamin A is absorbed pri- 
marily in the healthy intestine, is esterified in the intes- 
tine’s walls and is carried 
as an ester in the lymph 
and blood to the body’s 
storage depots. The 
liver, which has a large 
capacity for storage, 
contains about 90% of 
the vitamin A found in 
the body. 


Isolation and Synthesis. It was not until 1937 that pure, 
crystalline vitamin A was isolated by Holmes and Corbett 
from fish-liver oil. Research in the synthesis of vitamin A 
was stimulated during the Second World War by the 
threat to natural sources in fish-liver oil. This work re- 
sulted in several processes to produce vitamin A syn- 
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thetically. Of these, one of the most successful was 
evolved by the Roche research team headed by Dr. Otto 
Isler which was announced in 1947. Much of the vitamin 
A now used for pharmaceutical manufacturing and food 
fortification in the United States and many other coun- 
tries of the world is produced by this process. 

Vitamin A and beta carotene produced by the Hoff- 
mann-La Roche synthesis have many positive advantages 
for food and pharmaceutical manufacturers. Among 
these are the complete absence of any “fishy” odor, taste, 
or after-taste; the reasonable and stable price; their sta- 
bility, purity and uniformity and the assurance of a steady 
economical supply. 

Vitamin A is described 

in the U. S. Pharmacopoeia 
as a fully acceptable com- - 
pound for use in pharma- — 
ceutical products. The 
U. S. Food and Drug Ad- 
ministration has approved 
its use for the fortification of margarine and other foods. 
Human Requirements. The Food & Nutrition Board of 
the National Research Council recommends that a daily 
allowance of 5000 International Units of vitamin A in 
the diet will maintain good nutrition of healthy adults in 
the U.S.A. The Board’s recommendations vary above 
this for pregnant and lactating women, and below for 
infants and children. The adult dose used in therapy may 
vary from 50,000 to 200,000 units daily. 
Production. At the huge Roche Park plant of Hoffmann- 
La Roche in Nutley, New Jersey, over 500 pieces of 
large-scale chemical en- + 
gineering equipment are ¢: 
working constantly to 
produce the superior 
Roche® vitamin A. This 
production is so large 
that Roche vitamin A 
comes from the plant ac- 
tually by the tons. In 
fact, the entire needs of 
the food and pharmaceutical industries of the United 
States and Canada can be met from this one plant. 

Again the Roche people, who have so often led the 
way in vitamin research and production, have made an- 
other contribution to the better health and well-being of 
countless millions. 


This article is one of a series giving a brief resume of our 
present knowledge of those essential health factors—the vitamins. 
Reprints of this and other articles are available without charge 
The Vital Story of Vitamin C was published previously and 
others are forthcoming. Send your request to: Vitamin Division, 
Hoffmann-La Roche Inc., Nutley 10, N.J. In Canada: Hoffmann- 
La Roche Ltd., 1956 Bourdon Street, St. Laurent, P. Q. 
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EFFECT OF RADIATION ON ANTIBIOTIC-TREATED MEATS 583 


TABLE 1 


Per cent retention’ of the tetracyclines in comminuted 
meat after irradiation 
(Intial theoretical levels, 5 and 50 p.p.m.) 


Irradiation Tetracycline Oxytetracyeline Chiortetracyclin 
megarad) 5 50 5 50 
1 10 100 100 

18 7u a0 au “7 

.72 ‘7 62 22 2% 
1.44 54 12 15 
2.48 3 2 
4.65 “ ! trace 5 trace ! 
Based on the amounts recovered from the nonirradiated sample 


Unmeasurable 


TABLE 2 


Per cent retention’ of the tetracyclines in aqueous 
solutions after irradiation 
(Initial theoretical levels, 5 and 50 p.p.m.) 


Irradiatior letracy Oxvtetracyeline Chiortetracyeline 
megarad 0 
44 ‘ a2 67 7¢ 
” 7 a4 106 
144 trace 4 15 
41.65 0 1 } trace 0 trace 


Based on the amou ered from the nonirradiated sample 


Unmeasu rable 


antibiotic levels used, when dosages higher than 0.72 
megarad were employed, the destruction of the anti 
biotic was considerably higher in water than in meat 
samples. Thus, meat may offer some protection to the 
antibiotic when exposed to gamma radiation. 

A parallel study with polymyxin, neomycin and 
oleandomycin indicated that their stabilities under 
irradiation were similar to those of the tetracycline 
antibiotics. When the former 3 antibiotics were added 
to water solutions at levels of 50 p.p.m., a dosage of 
0.18 megarad produced no significant destruction in 
activity whereas a dosage of 5.58 megarads completely 
or almost completely destroyed their activities. 

Effect of radiation and OTC applied by antemor- 
tem injection. Table 3 presents the mean storage life, 


TABLE 3 


Mean number of days of storage life at 50° F. of pork 
treated with oxytetracycline and/or irradiation 


Mean number days storage life 
lreatment 


Loin Pienic Butt Average 
Control 2 9 2 
Oxytetracyeline 17 
Irradiation (0.79 mewarad) 5 
Irradiation plus oxytetracyeline 7 66 


in days, at 50° F., of meat cuts from hogs which were 
injected with OTC before slaughter. Radiation pro 
duced an average increase in storage life of 150% 
over the controls, Antibiotic alone produced an aver 
age increase of 85% and irradiation combined with 
the antibiotic treatment caused an increase of 230% 
as compared with controls. Although radiation pro 
duced uniform extensions of shelf life in all euts of 


meat studied, with the antibiotic or antibiotic- 
radiation treatments the extension varied. 

Added levels of 3, 6 and 30 mg. of OTC per pound 
produced concentrations in the meat of about 2, 5 and 
5S p.p.m., respectively. There was no appreciable dif- 
ference in oxytetracycline content of butts, pienies 
and loins. The 2 higher levels of antibiotie used did 
not produce an additional extension of storage life 
bevond that of the lowest level. 

Effect of radiation and OTC applied by dipping. 
In Figure 1 the logarithmic number of viable bacteria 
per gram of meat is plotted against days of storage at 
34° F. for 6 groups of meat samples: control, OTC- 
treated, OCT-treated and radiated at 0.1 megarad, 
OTC-treated and irradiated at 0.3 megarad, irradiated 
at 0.1 megarad, and irradiated at 0.3 megarad. Radi- 
ation treatment appreciably reduced viable bacteria. 
The combination of OTC and radiation had a signifi- 
cantly greater effect than either method used alone. 
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Figure 1. The effect of oxytetracycline and irradiation on 
the number of organisms in beef stored at 34° F. 


The antibiotic concentration in the meat samples 
averaged about 4 p.p.m. No appreciable inactivation 
of the antibiotic due to irradiation or storage (up to 
$2 days) was found. Addition of oxytetracyeline re- 
sulted in a significant inhibition of bacterial growth. 
The supplementary effect of the antibiotic was greater 
when the samples were irradiated at 0.1 than 0.3 
megarad. Treatment with OTC plus irradiation at 
0.1 megarad resulted in the best sample in terms of 
odor and eolor throughout the storage period. 

A small flavor panel tasted broiled meat samples for 
acceptability and found no appreciable differences 
among the variously treated groups. This finding sub- 
stantiated results obtained by Niven and Chesbro (7). 
The panel adversely criticized the flavor of all sam- 
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ples at the 25th to the 28th day of storage. At that 
time the mean flavor score of all meat was below the 
mean acceptability score of the hedonic scale. How- 
ever, the OTC-radiated (0.1 megarad) sample was still 
quite palatable after 60 days of storage when given 
to tasters other than those of the flavor panel. The 
meat was very tender because of prolonged enzymatic 
action, a result which is normally desirable. In gen- 
eral, the antibiotic appeared to offer considerable pro- 
tection not only to odor but also to color, and notice- 
ably diminished the typical irradiation off-odors. 
Control samples were completely spoiled in 28 days 
whereas those treated with oxytetracyeline and/or 
irradiation were completely spoiled in about 70 days. 
Although the OTC-treated and irradiated (0.1 mega- 
rad) samples after about 27 to 32 days of storage had 
a high number of bacteria present, these bacteria did 
not appear to be responsible for putrefaction and de- 
composition. The meat spoilage bacteria apparently 
did not start to develop significantly until after the 
50th to the 60th day of storage. Bacteriological data 
indicated that either treatment alone was appreciably 
effective and that the combination treatment offers 
highly significant advantages. 


SUMMARY 


At radio-pasteurization dosages (0.18 to 0.72 mega- 
rad) the tetracycline antibioties retained sufficient 
activity to offer protection to meats during storage. 
At the sterilization dosage of 4.65 megarads the anti- 
bioties were completely or almost completely de- 
stroyed. 

Injecting hogs with oxytetracycline before slaugh- 
ter produced a meat with superior keeping quality 
when compared with controls. Meat cuts from oxy- 
tetracycline-injected animals when exposed to radio- 
pasteurization dosages had more than a_ three-fold 
extension in storage life at 50° F. 

Cuts dipped in an oxytetraeyeline solution or irradi- 
ated at 0.1 or 0.3 megarad had a significantly lower 
bacterial count than control samples. The higher 
radiation dosage resulted in a more significant de- 
crease in bacterial population than the lower dosage. 

Maximum reduction of bacteria was obtained in the 
sample treated with oxytetracyeline and irradiated at 
0.3 megarad. However, the complementary effect of 
oxytetracycline in the irradiated sample was more 
pronounced in the meat irradiated at 0.1 megarad. 
The combination treatment offered significantly 
greater protection against bacteria than either treat- 
ment alone. 


CONCLUSIONS 
From the results obtained it may be postulated that 
in the commercial distribution of prepackaged fresh 
meat, meat cuts subjected to antibiotics and radiation 
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would exhibit high keeping qualities. Meats treated 
with an antibiotic as early as possible would reach the 
radiation source with a low bacterial count and be 
superior in quality to an untreated food. Prompt 
application of an antibiotic would be especially de 
sirable since the radiation sources throughout the 
country, initially at least, would be limited and con 
siderable time might elapse before a food could be 
irradiated. Also, in an antibiotic-treated food the 
radiation dose required to produce a certain preserva. 
tive effect could be lower and thus, fewer adverse or 
ganoleptic changes associated with high levels of 
irradiation would result. The tetracycline antibiotics 
would offer additional protection during subsequent 


storage. 
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Improving Cereals with Defatted 


Wheat Germ: 


Manuscript received May 31, 1958 


Fon MANY YEARS plant proteins 
have been considered by nutritionists to be generally 
inferior in nutritional value to animal proteins. Early 
investigators (3, 22) found cereals to be poor sources 
of protein in human and animal nutrition. qualita- 
tively as well as quantitatively. In contrast, the cereal 
embryos were shown to contain proteins with high 
nutritive values (23. 3] 

It is unfortunate, nutritionally, that the embryo, or 
the germ of the wheat kernel is removed during the 
normal milling operation. Although the wheat flour. 
devoid of the germ. exhibits superior stability and 
baking qualities (4, 16), it is inferior in nutritive 
value to whole wheat (7, 28). Table 1 gives the pro- 
tein values for various foods as caleulated from data 
in the literature (3, 24). Cereal proteins as a whole 
are shown to be inferior to animal proteins in biologi 
cal value and protein efficiency ratio (P.E.R.). These 
are the two most common criteria used in evaluating 
protein quality (27, 27) Because of the relatively low 
nitrogen content of plant foods, total protein value 
(Biological value x digestibility x pereent nitrogen 
is considerably below that of the animal proteins 
Wheat germ, however, is an exception to the rule 
The biological value and P.E.R. of wheat germ protein 
approaches the high values of animal protein. Fur 
thermore, the relatively high nitrogen content of 
wheat germ combined with its high protein quality 
places wheat germ in a class with the better animal 
proteins in total protein value 

It has been established that the poor keeping qual- 
ity of the wheat germ and of the whole wheat flour is 
largely due to hydrolytic and oxidative changes in the 
wheat germ lipids (16, 29, 30). Purified grade raw 
wheat germ contains approximately 11% oil (26) 
Nutritionally, it seems reasonable that solvent de- 
fatted wheat germ, or flour made with solvent defatted 
wheat germ can be used to supplement wheat flour, 
and perhaps other reals This would increase their 


* Presented at the Eighteenth Annual Meeting of the Insti 
tute of Food Technologists, May 26, 1958, Ch cago, Illinois. 


Limiting amino Mitchell's 


acid biological va 
Oat cerea Lysine 
Barley cereal Lysine 
Rice cerea Lysine 6 
Whole corn Lysine 60 
Wheat flour Lysine 52 
Whole wheat Lysine 7 
Dried beef Methionine 76 
Dried egg o4 
Dried milk Methionine ” 


Defatted wheat germ Isoleucine 


TABLE 1 
Protein values of 


Nissan T. Rand and 
V. K. Collins 


VioBin Corporation, Monticello, IIlinois 


nutritive value without causing a deleterious effect on 
keeping qualities (17 
The beneficial effect of supplemental wheat germ 
on the nutritive value of wheat flour has been demon- 
strated (6, 8, 19, 33). It appears that similar bene- 
ficial effects might be produced by supplementing 
other cereals with defatted wheat germ Nearly all 
cereals, including wheat, exhibit lysine as their first 
limiting amino acid; wheat germ protein is relatively 
high in lysine. In this work three phases of the nu- 
tritive value of defatted wheat germ were investigated 
by means of a modified Hinners Scott bio-assay (12, 
13 
a) Evaluation of the protein quality of wheat germ. 
b) Determination of the effect of various processing 
methods on the protein quality of wheat germ. 
¢) Measurement of the effects of the addition of 10 
and 15% defatted wheat germ flour on the nu- 
tritive value of several cereals 


EXPERIMENTAL 


All experiments were conducted with fast growing chicks of 

the New Hampshire x Colum) n « ss. The growing chick is 
! xeellent ay for us nm nutrit investigations because 
of its rapid rate of gro } I s high nutrient requirements. 
Dav-old chicks were plac on al lequate corn-soy pre-test 
diet containing nitrogen for 7 to 14 days preceding the 
experiment Kefore tl start of each tr , chicks were indi- 
lually wing band ! tributed into the experimental lots 
on the basis of bod git and in a manner to insure that the 
ivernge starting veight mad the va ines was equal for all 
groups. Chicks were n thermostatically controlled, elee- 
tric vy heated batteries equipped with raised wire floors. Each 
experimental diet was fed to a minimum of 2 replicates of 6 to 


chicks, all of the same sex, illowing 12 to 24 chicks per 


trentment, 


Duration of experiments 1, 2, 3, 5, and 6 was approximately 
one week, allowing the hicks to consume nh average amount 
of feed equal to their starting weight Experiment 4 was eon- 
dueted for almost ? we s 

All experimental diets were adequate in the known required 
vitamins and minerals The diets contained the following fixed 

mounts of these nutrients: Corn o 10.0 g.: choline chloride, 
g.; thiamine HCl, 100 mg.;: 1 icin, 100 mg.; riboflavin, 


foods 


P rotei Percent Potal prots Protein efficiency 

digestibilits nitroge value ratio (P.E.R.) 
7 2.2 

87 1.8 

78 l 7 1.9 

R4 1.2 

1.0 

1 1.5 

1.00 11 
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16 mg.; Ca pantothenate, 20 mg.; vitamin Buy, 0.02 mg.; 
p-amino benzoie acid, 2 mg.; menadione, 5 mg.; asecorbie acid, 
250 mg.; alpha-tocopherol acetate, 20 mg.; vitamin A acetate, 
10,000 L.U.; vitamin Ds, 600 LC.U.; NaCl, 88 g.; Fe 
1.4 g.; MgSO,.-7H,O, 2.5 g.; KsHPO,, 9.0 g.; 
CaCOs, 3.0 g.; Cas(PO,)s, 28.0 g.; MnSO,- H.O, 650 mg.; 
ZuCh, 20 mg.; CuSO,-5H,0, 20 mg.; KI, 40 mg.; HsBOs, 9 mg.; 
CoSo.*7H,O, 1 mg. 

A complete salt mix was used, along with corn oil (pro 
viding essential fatty acids), and all vitamins known to be 
required by the growing chick (1). The only variable nutrients 
were the protein source which usually supplied 1.6% nitrogen 
in the diet, and the amount of glueose monohydrate (cerelose) 
whieh was used as the main souree of food energy. 

In experiments 1, 2, 3, and 4 all diets contained 1.6% nitro 
gen, equivalent to 10% ‘‘erude protein’’ (Nx6.25). This 
protein content was considerably below the required level for 
the young growing chick, but was intentionally used in order 
to aecentuate the differences in the quality of proteins which 
were fed (12). Feed and water were fed ad libitum. Animals 
were individually weighed at intervals of 2 to 3 days and their 
weight gain and feed intake were reeorded per each replicate 
of 6 to 12 chicks. Interpolation of growth curves against feed 
intake was made to obtain the corresponding weight gain made 
on a given intake of feed. These ‘‘equalized’’ gains were used 
along with the ad libitum gains and the P.E.R. values (gram 
gain per gram protein consumed) in the interpretation of the 
results, 

In experiments 5 and 6, no attempt was made to control the 
protein content of the diets. Instead, the cereal, or the cereal 
supplemented with defatted wheat germ, made up 65% of the 
total diets. 

Results were subjected to statistical treatment using the 
analysis of variance technique. The Least Significant Range 
(LSR) was determined with the method outlined by Dunean 
($). 


RESULTS AND DISCUSSION 

Results of experiment 1 are shown in Table 2. 
This was the standard protein quality assay, in which 
VioBin defatted high quality fish meal served as a 
positive standard, and isolated soy protein | Drackett 
Assay Protein (C-1)| served as a negative standard. 
As a sole source of dietary protein, the fish flour had 
an index value of 135 versus a value of 100 for the soy 
protein, based on ‘‘equalized’’ weight gains over a 
protein free diet. 


TABLE 2 
Evaluation of the protein quality of wheat germ—(exp. 1) 


Protein source Gain Index 


grame 
1. VioBin fish flour... ane , 393 
2. Isolated soy protein ( Drackett C-1).. 290 
t+. Soy flour. 
4. Solvent defatted wheat cerm 4 3906 
5. Isolated wheat germ protein................. 16u 
L.S.R. (p = 5%) 16 


* “Equalized” gain over protein-free diet 


The defatted wheat germ sample was made by sol- 
vent extraction of a purified grade of wheat germ 
which was kept in cold storage prior to extraction in 
the VioBin plant. When this mildly steamed, defatted 
wheat germ was fed as a sole source of protein, it had 
an index value of 136, equal to the fish flour. Isolated 
wheat germ protein, a product prepared from defatted 
wheat germ by extraction with dilute KOH solution 
and precipitation at the isoelectric point, had a 


slightly lower index value, 127, comparable to the 
value of soy flour (solvent extracted soybean oil 
meal). Note that the defatted wheat germ sample con 
tained 5.5% nitrogen, and the isolated wheat germ 
protein contained 14.0% nitrogen. 

The isolated proteins from wheat germ and soybean 
had a lower protein quality index value than their 
respective parent material. Yet, one must be im 
pressed by the high protein quality of both defatted 
wheat germ and its soluble protein fraction as meus 
ured by the chick bio-assay. This is particularly 
striking since high quality fish meal was shown to be 
slightly superior to egg white as a sole source of pro 
tein in the chick diet (72). This confirms the findings 
of other workers who have demonstrated the high 
protein quality of wheat germ when fed as a sol 
source of protein to other experimental animals (//, 
31,32). Isolated wheat germ protein was shown to be 
superior to casein as a sole nitrogen source for the 
depleted rat (18). 

Effects of several processing methods on the pro 
tein quality of defatted wheat germ are shown in 
Table 3. Four wheat germ samples were compared 
with the standard fish flour and the Drackett soy pro 
tein. It is apparent that mild steaming and light 
toasting " improved the protein quality of the defatted 
wheat germ as shown by the weight gains. All wheat 


TABLE 3 


Effect of mild heating on protein quality of 
wheat germ—(exp. 2) 


Protein source Gain 


grama 

Defatted raw wheat germ 
As (1)-—-laboratory steamed 209 
As (1)—~plant steamed : 202 
As (1) light toasted.... 
Isolated soy protein (Drackett C—1).. 142 
VioBin fish flour 204 


L.S.R. (p = 5%) 20 


' Ad libitum gain. 


germ samples were superior to soy protein in support 
ing chick growth, but only the mildly heated samples 
were equal to fish flour in growth promoting ability 
Mild heating also tended to improve slightly the pro 
tein efficiency ratio of defatted wheat germ, but by 
this criterion, none of the wheat germ samples could 
equal the performance of fish flour. Although im 
provement in the nutritive value of defatted wheat 
germ due to mild steaming and light toasting was 
unexpected, it was not entirely surprising. Other 
plant proteins have been shown to improve in digesti 
bility and biological value due to heat treatment (2, 
11). Excessive heating, as would be expected, has been 


shown to produce adverse effects on the nutritive 
value of either plant or animal proteins (5, 10, 20, 25) 


"The term ‘‘light toasting’’ as used in this paper is not a 
general term, but refers specifically to the detection of a 
standard color change that takes place when defatted wheat 
germ is dry heated. Mild steaming is referred to the applica 
tion of open steam at atmospheric pressure for 20 minutes. 
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TABLE 4 


Effect of processing on protein quality of 
wheat germ—(Exp. 3 and 4) 


Experiment 3 Experiment 4 


Gain (gram (yarn grams 


Ad libitum Equalized Ad libitum 


yrama grams 
1. Solvent defatted wheat germ 
VioBi teamed 425 
Solvent defatted wheat gern 
igh usted 411 
Pressed defatted wheat germ 
248 
4. VieBin fish flour i 176 440 


This is also shown in Table 4, in which a pressed wheat 
verm sample appeared to be relatively poor in its 
protein quality 

This wheat germ sample, purchased as a_ by 
product from the wheat germ vil pressing process,’ 
still contained 5% fat which was extracted prior to 
the feeding trial. It was suspected of having been 
excessively heated in processing, since its extracted 
residual oil was shown to drop 10 points in the iodine 
number, indicating considerable polymerization and 
autoxidation damage (15). The assay (experiment 3 
showed that pressed defatted wheat germ was signifi 
cantly inferior in its growth promoting ability to the 
solvent defatted (VioBin) wheat germ. <A_ similar 
experiment No. 4) was condueted for a longer period 
2 the results were substantially the same 
Table 4 In this assay both the steamed and light 
toasted solvent defatted wheat germ were statistically 
equal (though slightly lower) to the protein quality 


WeKS 


of the fish flour. However, the pressed wheat germ 
sample was significantly inferior in its protein quality 
This indicates that a severe heat treatment, which may 
have developed in expelling, may produce deleterious 
effects on the nutritive value of the wheat germ 

Effects of supplementing various cereals with 10% 
defatted wheat germ flour are shown in Table 5. Diets 
in this experiment varied in nitrogen content depend 


ing on the speeific cereal," which comprised 65° of 


This sample may not have been typical of a pressed wheat 


germ, It is used to demonstrate that an uncontrolled processing 


method n lower the nutritive value of the wheat germ 


'The cereals were purchased on the open market as rolled 


led harley, polished rice and all purpose wheat flour 


TABLE 5 


The improvement of cereals with defatted 
wheat germ flour (D.W.G.F.)—(Exp. 5) 


Protein source Gait 
1. Whe flour 107 
1) 157 i6 
Ri rea 148 
1 D.W.G.1 185 
150 
5) > D.W.G.1 02 
7. Oat ce 1 221 
7) 1 DW.G.F 
Cereal mixtur 178 
10 151 18% 
11. Defatted wheat germ flour 6 


Ad libitum 


IMPROVING CEREALS WITH DEFATTED WHEAT GERM DRT 


the total diet. The results represent a comparison in 
the protein quality. As single cereals, oats (2.78%N), 
barley (1.48%N), rice (1.13%N), and enriched wheat 
flour (1.94% N) were found to be in decreasing order 
in ability to support chick growth. Note that en 
riched wheat flour revealed the poorest performance 
although it was second only to the oat cereal in nitro- 
we ow protein quality 
of the enriched wheat flour. When 10% defatted 


wheat germ flour (light toasted was added to these 


gen content. This emphasized thi 


cereals, the response in chick gain was striking. An 
improvement of 46% was observed with 10% defatted 
wheat germ (D.W.G.F 
the barley, the oats, and to the mixture of equal parts 


supplementation to the rice, 


of these cereals was 34, 27, 13 and 18%, respectively. 

In spite of these significant improvements, neither 
of the cereals alone, nor cereals supplemented with 
10% defatted wheat germ flour, could approach the 
performance shown by the diet containing 65% de- 
fatted wheat germ 

Table 6 further demonstrates the nutritional im 
provement shown by the addition of 15% light toasted 


defatted wheat germ flour to these cereals. The re- 
equalized’’ feed intake. The performance of the 


individual cereals remained in the same order as 


ported gains are given for both ad libitum and 


shown in experiment 5. The improvements due to the 
D).W.G. supplementations were caleulated on the basis 
of the 
and 31% for tl 


eer al, barley eereal, and oat cereal, respectively, 


‘equalized’” gains. These were 69%. 69%. 


enriched wheat flour, rice 


TABLE 6 
The improvement of cereals with defatted wheat 
germ flour (D.W.G.F.)—(Exp. 6) 


D.W.G.F, 


i Increase 
( “Ho 
D.W.G 
' 161 
‘ 


(hick gain performance shown with the diet con 
taining the oat cereal supplemented with 15% D.W.G 
came nearest to the gain performance shown with the 
defatted wheat germ diet, but was still considerably 
inferior to the latte: 

Data in experiments 5 and 6 were combined; they 
appear in histogram form in Figure 1. Performance 
of the enriched wheat flour diet was taken as a control 
with an index of 100. The other cereals were then 
compared with the enriched wheat flour as sole sources 
of dietary protein. These cereals supplemented with 
10% and 15% defatted wheat germ flour were also 
eon pared The beneficial effect of the defatted wheat 
verm supplementation Was clearly demonstrated 
Thus, enriched wheat flour, supplemented with 15% 
defatted wheat germ was shown to be nutritionally 


superior to either rice or barley. The protein value of 


! 
Protein source 
fe 
7 + 15% D.W.G.I in 6a 41% 

| 
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. 


Growth Index 


Figure 1. The nutritional improvement of cereals with de- 
fatted wheat germ flour. 


oat flour was exceeded by barley supplemented with 
15% defatted wheat germ. These figures indicate to 
the food technologist that the nutritive value of break- 
fast cereals and of other food cereals, commonly used 
for human consumption, can be greatly enhanced by 
the addition of small amounts of defatted wheat germ. 


SUMMARY 


A modification of the Hinners-Seott bio-assay was 
used to measure the nutritive value of defatted wheat 
germ and of cereals supplemented with defatted wheat 
germ. 

The protein quality of defatted wheat germ was 
shown to compare favorably with high quality de- 
fatted fish meal. 

Mild heat treatments, such as steaming and light 
toasting, were shown to have enhanced the protein 
quality of defatted wheat germ. 

As single cereals, the nutritive values of oats, bar- 
ley, rice, and enriched wheat flour were found to be 
in a decreasing order. 

Supplementing cereals with 10 and 15% defatted 
wheat germ produced striking improvements in the 
nutritive value of enriched wheat flour, rice, barley, 
oats, and a mixture of these cereals, 
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How Humming Bird Habits 
Help Sell Sugar Packs 


Where does this little 
bird get the energy he 
needs to beat his wings 
3,300 times a minute? 


ARTIFICIAL 


Humming birds go 
instinctively for sugar, 
Nature’s own best 
energy food 


People, too, need the 
energy provided by sugar 
and sugar-packed foods 


74 million American 
shoppers will be 
reminded of this need 
by our “Humming 
Bird” appearing in 
this month’s Sugar 
advertising 


The humming bird passes up artificial sweeteners and chooses 
natural sugar for his energy needs. (Photo and experiment 
courtesy of Walker Van Riper, Denver Museum of Natural 


History. 


Wh y Hu 


. 


The little dynamo on wings in this Sugar ad points up 
just one of Sugar’s 3 natural benefits. In addition, the 
ad tells of Sugar’s ability to help control weight, and 
to enhance the natural flavor of foods. This informa- 
tive new series reaches your customers month after 
month in Reader’s Digest and newspaper supplements 
in 49 major markets. 


= 


New York 5, New York 


SUGAR means sucrose (both cane and beet) 


he 
SUGAR 
sng Birds 
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1. Merck is your new basic source of supply for MSG. 
Recently completed Merck production facilities with 
multimillion pound MSG capacity can satisfy even 
the healthiest appetite for this important flavor- 
enhancing ingredient. 


2. You can depend on Merck for unlimited quan- 
tities of MSG because the unique and technically 
advanced fermentation process utilizes raw materials 
which are available in unlimited supply. No other 
Merck product or process competes for this supply. 


3. Like all Merck food processing ingredients, the 
quality of Merck MSG is unsurpassed. It meets the 
highest quality-control standards for monosodium 
glutamate 99+% pure. 


4. Merck MSG is available in two forms—Crystals 


588B 


and Fine Crystals—to fit your requirements. It is 


packaged in 100-lb., 50-lb., and 10-lb. containers 


5. Merck MSG deliveries are fast, since distribution 
centers are strategically located from coast to coast. 


6. The Merck Food Research and Technical Labo- 
ratories are fully staffed and ready to serve you. 
Technical assistance, including MSG assay service, 
is available on request. 


7. Ask your Merck representative for complete in- 
formation about Merck MSG or write directly to: 


MERCK & CO., INC. 


RAHWAY, NEW JERSEY 
OMark & Co., inc. 
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Antioxidant Treatment of Paperboard for Increased 
Shelf Life of Packaged Dry Cereals: 


Manuscript received May 31 1958 


Error: Ness of phenolic anti 
oxidants in preserving food fats and the food products 
made from them has been well established for many 
years (4). More recently these antioxidants have also 
been advocated for application to packaging ma 
terials (2, 3, 6). Paperboard is high in trace metals 
such as copper and iron, especially if it is made from 
reworked material (7 These elements are known to 
catalyze the atmospheric oxidation of fat. Small quan 
tities of fat contact them by being absorbed into the 
board from the food product, a process which at the 
same time increases the effective surface area of fat 
exposed to atmospheric oxygen 

One obvious way to head off this process and extend 
shelf life is to prevent the fat from reaching the board 
by means of a grease-proof coating or liner. This 
approach has been quite generally followed with cer 
tain dry baked products such as soda crackers, where 
the fat content is high enough to stain paperboard. It 
is not completely effective and has not generally been 
considered worthwhile for cereals because of the small 
amounts of fat they contain 

Another approach is to incorporate an antioxidant 
in or on paperboard or other packaging material to 
prevent fat oxidation in at least one place where it 
probably would otherwise oeceur. Experimental proof 
of the effectiveness of such a treatment has generally 
rested on the results of accelerated storage tests of 
treated and untreated material smeared with lard (3), 
or of baked products such as cookies (1) packaged in 
treated versus untreated board. In the study now 
reported the stabilizing effect of antioxidant treatment 
of paperboard has been shown to extend to certain 
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dry cereals even though their fat contents are very 
low. The cereals were packaged under mill conditions 
in commercially-treated board. Appropriate controls 


were present, and after accelerated storage all 
products were evaluated organoleptically under care- 
fully eontrolled conditions by a group of non-expert 


udges using the hedonic rating scale system. 


MATERIALS AND METHODS 


nanila-lined chip 


Paperboard treatment 


I was tre 


ited | t rd n ifacturer with butylated 
ounce individual 
d to the inside 
5% the board 


1 oil solu 
mn water onto the 
back eet us ry printing press. 
Packaging and storag: t f flaked dry cereal 
re packaged in this mate » ea ndividual package being 


overwrapped with 300 MST Control packages of 
intreated board were . prepare Neither package was 
printed on the conducted at room 
temperature and ¢ oo F th ambient humidity in each case. 
Panel evaluation. ‘ 


nd over-all 


us for aroma, flavor, 
weeptability w iad after the packaged 
products had bee rage 0° fer 18 weeks and 52 
eks, and at room te weeks. All tests were 
ucted under controlled conditions, using the same pro 
Panels of betwe non-expert judges were 
eted at random from th woratory staff. The judges had 
no previous knowledge of the test »blem; they were told only 
the type of cereal to be mckages were coded using 
random lettering 


\t the time of testing, ¢ t udge Was given an unopened 
treated package of « ul in untreated control package of 
the same cereal, After the parent overwrap had been 
broken, each sample was ev: t for the 3 characteristics on 

%-point hedonie rating seale, using the form illustrated in 
Figure 1. No milk or other food was used in any test, but the 


judges were allowed to sip water between samples, 
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Opposite the sample number please check the degree of pleasantness or unpleasantness of each sample for the properties under 


consideration in this test. 
SAMPLE NO. 


Extremely Very 


Choracteristic 
pleasing pleasing 


pleasing 


Aroma 


Flavor 


Over-all 
Acceptability 


SAMPLE NO 


Aroma 


Flavor 


Over-all 
Acceptability 


SAMPLE NO 


Aroma 


Flavor 


Over-all 
Acceptability 


Moderately Slightly 
pleasing 


Extremely 
displeasing 


Slightly Moderately Very 
displeasing displeasing displeasing 
displeasing 


Figure 1. Test form used in evaluating samples on the hedonic rating scale. 


Statistical analysis was based on the technique deseribed by 
Peryam and Girardot (5) whereby the verbal designations of 
the 9-point hedonie rating seale are assigned numbers, in this 
ease ranging from —4 (extremely displeasing) to +4 (extremely 
pleasing). This is illustrated in Figure 2. Mean ratings were 
calculated for each characteristic of each product and subjected 
to analysis of variance in order to test the signifieanee of any 


differences observed. 


RESULTS 


Results of the storage test at room temperature are given in 
Figure 3. In this graphieal presentation all differences not 


+4 Extremely Pleasing 


+3 Very Pleasing 
+2 Moderately Pleasing 
+1 Slightly Pleasing 

Neither Pleasing Nor Displeasing 


Slightly Displeasing 


NUMERICAL VALUE 


Moderately Displeasing 
Very Displeasing 


Extremely Displeasing 


VERBAL DESIGNATION 


Figure 2. Relationship between numerical and verbal desig- 
nations of the hedonic rating scale. 


@ TREATED 
(1 CONTROL 


(N= 35) 
+ 


MEAN HEDONIC RATING 


Figure 3. Effect of antioxidant treatment of paperboard on 
the mean hedonic rating of 3 cereals after storage at room 
temperature for 52 weeks. 


statistically significant at the 5% level or better are marked 
‘*N.S.’’ All cereals kept in the antioxidant-treated package 
material were improved in aceeptability over the corresponding 
controls. Mean flavor ratings closely paralleled those for aroma 
and overall preference and consequently were omitted in the 
interests of conciseness. 

Results of the accelerated storage test at 100° F. are given 
in Figures 4 and 5. Here it may be seen that the board treat 
ment is beneficial to wheat flakes and eorn flakes on the basis 
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Figure 4. Effect of antioxidant treatment of paperboard on 
the mean hedonic rating of 3 cereals after storage at 100° F. 
for 18 weeks. 
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Figure 5. Effect of antioxidant treatment of paperboard on 
the mean hedonic rating of 3 cereals after storage at 100° F. 
for 52 weeks. 


MEAN HEDONIC RATING (N=24) 


of an 18-week test, although its antioxidant effeet was lost after 


prolonged storage at the elevated temperature. 


DISCUSSION 


Results of this study clearly demonstrate that appli 
cation of an antioxidant to the package material can 
improve the storage stability of flake cereals despite 
their low fat content. This improvement is particu 
larly apparent in wheat and corn flakes during the 


early months of shelf life. The relatively low mean 
ratings obtained for all samples may be attributed to 
the absence from the test program of milk and sugar 
or other foods commonly eaten with cereals. 

While the antioxidant chemical used in this study 
was butylated hydroxyanisole, subsequent develop- 
ments (1, 3) have indicated that butylated hydroxy- 
toluene, which is cheaper as well as being essentially 
odorless and tasteless, may be equally effective. Simi- 
larly, use of a roll application on the dry sheet of paper- 
board as it leaves the paper machine (2, 3) would 
appear to have certain advantages as compared with 
the spray method described earlier 


SUMMARY 


Double-bleached manila-lined chipboard was treated 
by the board manufacturer with butylated hydroxy- 
anisole prior to being made into one-ounce individual 
cereal packages. The antioxidant was applied to the 
inside surface of the board in an amount equal to 
0.05°° of the board by weight. Three types of flaked 
dry cereal were packaged in this material, each pack- 
age being overwrapped with 300 MST Cellophane. 
Shelf life tests were conducted at room temperature 
and at 100° F. Control packages of untreated board 
were prepared and included in these tests. Panel 
evaluations of aroma, flavor and overall preference 
were conducted after 18 weeks and 52 weeks with 
groups of non-expert judges using the hedonie rating 
f the paperboard 
was found to result in a significant improvement in 


system. Antioxidant treatment « 


acceptability after storage in all three cereals. 
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An Instrument Using Light Transmittance for 


Nondestructive Measurement of 
Fruit Maturity: 


(Manuscript received May 31, 1958 


Mar RITY IS ONE of the most diffi- 
cult quality factors to evaluate in agricultural 
products. Many methods of evaluation have been 
proposed and some of these are in general use. Most 
of these methods involve destructive tests. Reliable 
nondestructive tests for many commodities are much 
desired. Color has long been recognized as a good 
maturity index with either ground color of the skin 
or flesh color being used. The skin color can be 
evaluated by reflectance measurements without dam 
aging the sample, but until very recently no metho! 
has been proposed for nondestructive evaluation of 
flesh color. 

Norris in 1956 (3) suggested that light transmit 
tance measurements could be used to indicate the 
flesh color of an intact fruit. Birth, Norris, and Yeat- 
man reported in 1957 (1) on such a measurement for 
tomatoes. These authors suggested a ratio measure- 
ment for indicating interior color. They also sug- 
gested using the wavelength of peak transmittance 
for indieating ripeness of tomatoes. Instrumentation 
for measuring the spectral transmittance of agricul- 
tural commodities was described in 1957 (4). Results 
obtained by using the ratio of light transmitted at 
700 my relative to that at 740 mp to indicate the stage 
of maturation of peaches from one tree were ineluded 
in this report. 

Exploratory investigations on other fruit indicated 
that the wavelength of peak transmittance criterion 
might be applicable in evaluating the stage of matura- 
tion of several types of deciduous fruit. This measure 
ment was equally accurate in evaluating the stage of 
maturation of green fruit as well as fully colored 
yellow or red fruit. These considerations suggested 
that this criterion for determining the stage of matu- 
ration of fruit justified further development. 

The wavelength of peak transmittance through a 
homogenous sample can be compared to the measure- 
ment of Dominant Wavelength by reflectance tech- 
niques, although the total ranges of the two may be 
different (2). Therefore, the wavelength of peak 
transmittance should indicate the internal color or 
flesh color of the sample. In an actual sample that 
has a skin color different from the flesh, the volume 
of flesh is much greater than the volume of skin; it is 
therefore reasonable that a transmittance measure- 
ment would express the color of the flesh and not the 
skin color. In practice this is found to be the ease ; i.e., 
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the skin color of apples has little or no effeet on 
the transmittance measurement. This transmittance 
measurement may also be considered on the basis of 
the pigments present in the sample. If there were 
no pigments present, the transmittance curve would 
show no peaks as the visible spectrum is scanned. The 
presence of chlorophyll introduces very strong absorp 
tions at 670 mp and 430 mp. Therefore, the presence 
of this pigment alone would cause the wavelength 
of peak transmittance to occur in the region from 
450 to 650 mp. The presence of any yellow or red 
pigments would cause absorptions in the 400 to 600 my 
region and would thus shift the wavelength of peak 
transmittance to longer wavelengths. From this it is 
apparent that a green fruit will have a peak trans 
mittance in the 550 my region and this peak will shift 
to longer wavelengths as the yellow and red pigments 
increase and chlorophyll content decreases. This is 
the natural physiological change which occurs as a 
fruit matures so it is to be expected that the wave 
length of peak transmittance will correlate with the 
stage of maturation of the fruit. An instrument 
developed to employ this principle of measuring ma 
turity is shown in Figure 1. The instrument has been 
termed Horticultural Spectrophotometer and will 
hereafter be referred to as the ** Ilortispect.’’ 


yo 


Pap 
; 
| 
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Figure 1. The Hortispect (Horticultural Spectrophotometer). 
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NONDESTRUCTIVE MEASI 


DESIGN OF INSTRUMENT 


An instrument to be used as a maturity index should: 


1. Be adaptable to a wide range of types and sizes of fruit 


Make rapid measurements 


ke simple to operate 


t. Not damage the 


» Be portable 


\ scanning monochromator is required to measure the wave 


length of peak transmittance The reeently developed wedge 


interference filters appeared to offer a very simple means of 


obtaining a seanning monochromator, and tests with sueh filters 


showed they were quite adequate Charneteristies of this typ 


of filter are shown in Figure 2 for 3 positions of the filter. The 


‘lesired radiation passed by the filter is the 2nd order transmis 


sion and it can be seen that this filter provides a pass band 


we ENGTH (mu 


Figure 2. Spectral characteristics of the wedge interference 
filter. The numbers above the transmittance peaks indicate the 
order of the peak. 


4 
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Figure 3. Diagram of the Hortispect showing the optical 
arrangement of the instrument, the high voltage power supply, 
control circuit, and the motor drive. 


vhich varies in half 
scanned from 4 
spectrophotomet? 
vould cause serious 
the elements in t 
indesired radiation 
vegetable tissues |} 
helow 500 mu Theref 
om th rd or 4tl 
RCA 6328 has 
than 700 ma t] 
rrange t 
show? n Figur 
chosen as tl 
filter pre des bv 
wus the nf 
lhron tie ! 
star rd n OSCO} 


REMENT OF FRUIT MATI 


rrating sj 
gh hit 
ted } samt 
rg transmitted 
the rage el 


ive int 
or if 
+} 
11s nergy 
Tor erent 
this purpose 
s high s 
tvp 
current. Und 
ite 
‘ 
ny ! 
tacte +t} nl 
tl te 


der would prov 


ectral transmittar 


or driven seannit 


nig as the wavelength 
many applications in 
ith order transmission 
spectral characteristies 
chosen to eliminate this 


s shown that fruit and 


ttance for wavelengths 
inates any problem 

bands. The phototube 

to ivelengths longer 
s not a problem. 

ng up the Hortispect is 
bbon filament lamp 


this filament on the 


ently narrow that a 
Wiis placed above 
rreflections. The lenses 


to collect the mono 
vere chosen from 
le for inserting a 


response or reduce 


rface painted with 
ect the energy trans 
summation of all the 
rives an evaluation 
nterior of the sample. 
the sample also makes 


types and sizes of 


s not 


Ss measurement 
transmitted light; 
rectly influence the 

ifar as the energy level 


nsmitted light to 


rough a sumple such as 
Furthermore, the 

one sample to another 
Thus, a photometes 
sas low as 10 lumens 
ished by using «a 
Ximately constant 
itotube voltage varies 
eciprocal of the light 
tube voltage gives the 
optical density 

ae response range, 
r} ight levels, be 
giin decreases 


isl to drive the filter 


spectrum A revolu 

ve to indieate the wave 
limicrons Power 

when the seanning 
turn is controlled by 
funetion of this cir 
vhen the light level 

» the motor when the 
eversing switch is in 
filter can be returned 
tches are ineluded to 
part of the spectrum for 
to start the 


is 


hen the level of trans 


etrome takes over 


stop at the wave 


neasure the phototube 
ent cheek on the instru 


vel of light being trans 


1s instrument includes a 


the addition of a re 
vhich could reeord the 


fy 
il 


Ith from 20 to 
720 mu. Fe 
Ist nial 
ties, but th 
1 
rT transny 
ré 
itt 
source. Imaging 
of energy suf 
light fron nite 
wo the filter a1 
ao. SOs Provision was 
RED ENO OF FILTER standard 2 x 2 in, filter to correct the system i 
| stray light if 1 red 
‘ her th the interi« 
at nil imnft is te 
n This provides 
they | 
lL se of the ntegrating to enelose 
the Hortispes ‘ ital 
T TANCE Hor | t etoa ‘ nge Of 
It is important to nt out that ti 
consequently, the nile oes 
ensurement The o ement ins 5 
be mensurnhble 
le vr fro 
onus f the speet 
he operated 
it rates t 
t} tion the 
ogarithn of the 
t f ti he 
‘ re ses, the photot 
oug he re stout 
ection is fror { |. The rel 
- 
‘ t is to make the seanning motor yi 
the phototuly ere sing te 
porated in tl ‘ iit so that 
to the shortwave position. Snap-actior 
mit the travel of the filter to the usef 
t s technique \ moment contact s 
otor scanning fron tore. 
tted light starts to increase, the 
t, mtrol of the motor; the motor will the: 
ngth of peak trans tta ne 
An indicating met s included to 
oltage This meter pr conve! 
mitted through the sample. Since ts 
nots monochromato 
curves of intact 
| 


OPERATION AND PERFORMANCE 


In operation, the whole fruit is placed on the sam- 
ple holder in the integrating sphere and a light-tight 
seal is made around the base of the fruit with modeling 
clay. The sphere is lowered to the closed position. 
With the wavelength scale at the shortwave position 
the scanning motor is started by pressing the momen- 
tary contact switch. This switch is released when the 
electronic cireuit takes control as indicated by an 
indicator light. The reading on the counter when 
motor stops is the index of maturation. The motor re- 
versing switch is then thrown and the next sample is 
prepared for measurement. 

The Ilortispect was tested for reproducibility with 
the results shown in Table 1. The first series of read- 


TABLE 1 
Reproducibility of the Hortispect 


Cireatest 

Appearance difference 

of tomato _ from 
Ist Und ird ith Sth average 


Reading in millimicrons 


Completely green 555 556 554 555 556 $55.2 3.3 
Pink with green 

shoulders 616 GIT 614 614 616 615.4 16 
Pink with yellow 

shoulders 624 624 623 623 623 625.4 0.6 
Red with yellow 

shoulders. 635 636 637 636 635 6235.8 12 
Completely red 646 647 647 646 647 646.6 06 


Average 
difference 


ings was made on all 5 tomatoes; then the second series 
of readings, etc. No attempt was made to reproduce 
the same position of the tomato in the sphere except 
to follow the standard procedure of placing the fruit 
with the axis vertical and the stem end up. These 
results show that the readings varied approximately 

1 mp from the mean. With a range of about 100 mp 
between green and ripe fruit this variation represents 
1% of the full scale range. 

Figure 4 shows how the Hortispeet could be used to 
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Figure 4. Wavelength of peak transmittance vs. time curves 


for three tomatoes during the ripening process. Each tomato 
was stored at a different temperature; 1 at 70° F., 2 at 65° F., 
and 3 at 60° F. All the tomatoes showed slight color on the 


fifth day. 
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study the ripening of fruit. Maximum slopes of the 
ripening curves were found to be proportional to the 
temperature of the ripening room. Figure 5 illustrates 
the application of the instrument to determine the 
stage of maturation of peaches. Data for these curves 
were secured by taking a random sample of 6 peaches 
from a tree at intervals of every 2 days; thus, each 
point is an average of 6 peaches. After about 2 weeks’ 
use in this experiment it was noted that the lamp 
envelope became darkened. Tests showed that this 
darkening caused the instrument to give a lower read 
ing relative to the reading obtained when a new lamp 
was used. This explains why the Hortispect gave 
essentially constant readings during the August 18-22 
period. This difficulty was overcome for the remainder 
of the test by frequent changing of the bulb, and has 


Figure 5. A plot of the wavelength of peak transmittance 
vs. time for peaches from an individual tree of the Elberta 
variety. Each point is an average of 6 peaches. 


since been eliminated by reducing the lamp voltage to 
5.8 volts. The area between the broken lines repre 
sents the dates at which the peaches would have been 
picked if they had not been involved in this test. At 
the end of the test, September 3, the peaches were 
freely falling off the tree. 

A more complete test of the Hortispect applied to 
determining the stage of maturation of purple plums 
has been presented by Ernest ef al. (2). 


SUMMARY AND CONCLUSIONS 


A new criterion, the wavelength of peak transmit 
tance, has been developed for determining the stage 
of maturation of fruit. A portable instrument employ 
ing this principle is described. This instrument ts 
simple and easy to operate; only a few minutes of 
instruction are required to teach an unskilled worker 
how to operate the instrument. A determination can 
be made in about 20 seconds. The measurement. is 
entirely nondestructive and can be made on several 
types of fruit. 
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Maturity Measurements of Two Varieties 
of Prune-Type Plums** 


‘Tom HAS LONG BEEN A NEED for 


an accurate and rapid method of measuring degree of 
maturation of prune-type plums. Firmness, soluble 
solids, and change in flesh and skin eolor have been 
tested as indices of stage of maturation, but none are 
completely reliable and widely used 

Hartman (9) found marked inereases in size and 
sugar content and decreases in firmness ‘and acidity 
as maturation progressed During the ripening 
process in storage, the color of the fruit continued to 
develop. There was a decrease in firmness and acidity, 
and a very slight decrease in sugar and other soluble 
solids. He concluded that the pressure test was the 
best and most reliable method of indicating stage of 
maturation, Tucker and Verner (73) also reeom 
mended the use of the pressure test after concluding 
that changes in acid and sugar content were too 
variable with flavor and firmness to be reliable in 
dices. Fisher (5), on the other hand, stressed the 
importance of the sugar content and recommended 
that soluble solids be used as the index of degree of 
maturation. He concluded, after a 3-vear study, that 
firmness was an unreliable guide of maturation mainly 
because it failed to correlate with sugar content, which 
was his principal index of quality. Gerhardt and 
Schomer (&) and Gerhardt, English, and Smith (6) 
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reported that changes in skin and flesh color, in con- 


junction with soluble solids, and especially solids- 


acid ratio, were practical methods of determining de- 
gree of maturation. After a study of French prunes, 
( lav pool and Kilbuck ) considered color of flesh 
and skin to be the most reliable single index of degree 
of maturation, but suggested that this be supple- 
mented by soluble solids and firmness measurements. 
They measured the color of the flesh by mounting a 
Hesh segment 14 ,-inch thick on white bond paper and 
matching it with charts in a Maerz and Paul color 
dictionary These readings were then converted to 
the Munsell color system. Wiley and Worthington 
14) measured flesh color of the Italian prune with 
the Hunter Color Difference Meter. They found ‘‘a”’ 
readings on this instrument to be fairly discriminating 
for fruit harvested at 3-day intervals, although they 
most precise index 


indieated the pressure test to be the 
of degree of maturation. Continuing on the idea of 
measuring the flesh color of fruit, Norris (11) devised 
an instrument capable of indicating the internal color 
of intact fruit through the use of transmittance 
measurements. Birth, Norris, and Yeatman (2) were 
able to follow the ripening of tomatoes by recording 
the ratio of a pair of wavelengths of spectral trans- 
mittanee. This same paper stated that a portable 
instrument was being designed to measure the wave- 
length of peak light transmittance of intact fruit. 
Comparison of this technique and instrument, tenta- 
tively called the ‘*‘Hortispect’’ (1), with previously 
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developed indices of maturity is the subject of this 
paper. 


EXPERIMENTAL 


This study covered research on 2 varieties of prune-type 
plums, Italian Prune and Stanley, obtained from an orehard 
near Gettysburg, Pennsylvania. The Italian Prunes were secured 
under the local variety name ‘‘ Fellenberg’’,° and are so desig 
nated in the results and diseussion section. Fifty plums of 
each variety were picked at random from the same tree at 1- 
week intervals and brought to the laboratory to be tested. Ten 
plums from each variety were numbered and were read every 
other day on the ‘‘ Hortispeet.’’ Samples were stored at 55° F. 
and every 3 days, 7 plums from each harvest were analyzed for 
soluble solids and titratable acidity and tested for shear re 
sistance and flesh color. Methods were: 


1. Hunter ‘‘a’’ readings. The plum was peeled and a piece 
was cut on each side parallel to the suture and \%-inch away 
from the pit. This flat surface was exposed to the Gardner 
Color Difference Meter." A Gardner dark yellow ceramic tile 
was used as the standard with assigned values of Rd 27.9, 
a 3.1, b +35.0. 

2. Shear resistance. One-hundred grams of peeled and pitted 
fruit were tested for shear resistance on the Maryland Shear 
Press. A recording mechanism devised by Decker et al. (4) 
was used for graphing the maximum force required to shear 
the sample. This method is felt to give information similar to 
that given by hand-pressure testers, 

3. Soluble solids. Part of the 100-g. sample was pressed 
through thicknesses of cheesecloth, and the expressed juice was 
used for a soluble solids reading on a Bauseh and Lomb hand 
refractometer (0-60% ). 

4. Acid. The 100-g. sample was placed in a Waring blender 
with 500 ee. of distilled water and blended for 5 minutes. This 
puree was strained through cheesecloth; 25 ee. of the filtrate 
was diluted to 250 ec. and 10 ee. aliquots were titrated in tripli 
eate with .01 N NaOH, using bromthymol blue as the indicator. 

5. Readings of wavelength of peak transmittance. The 
operation of the ‘‘ Hortispect’’ was rapid and simple. The in 
tuet fruit was placed over a light beam and the integrating 
sphere was placed over the fruit. Power was switched on and 
the reading of the wavelength of peak light transmittance was 
automatically registered on a dial. This operation took about 
20 seeonds per fruit. Due to the difficulty of making a satis 
factory light seal around the suture of the plum, an alternate 
standard procedure was used in presenting stone fruit to the 
instrument. This proceedure consisted of placing the fruit with 
the axis horizontal and with the suture side up. 

The terminology of fruit maturation and ripening follows 
Lott’s recommendation (10). Statistical methods used were 
those of Snedeeor (7/2). All correlations are significant at the 
0.01 level unless otherwise indicated. 


RESULTS AND DISCUSSION 


Weekly harvests were made on the Fellenberg and 
the Stanley varieties of prune-type plums, beginning 
at a date 30 and 40 days before maturity of the respee- 
tive varieties. Wavelength readings of peak light 
transmittance of the fruit taken on the ‘* Hortispeet”’ 
were found to increase from ca 540 mp to ca 640 mz. 
This indicates a hue shift from green toward red, but 


***Pallenburg’’ is an alternative spelling of this old variety 
name. 

“ A later model of the original Hunter Color and Color Differ- 
ence Meter now being manufactured by the Henry A. Gardner 
Laboratories, Ine., Bethesda, Maryland. Mention of this or 
other commercially manufactured instruments does not consti- 
tute endorsement or recommendation by the U. 8. Department 


of Agriculture. 
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Figure 1. Change in wavelength of peak transmittance of 
10 plums of Fellenberg variety. The lowest point on each bar 
is the average wavelength of peak transmittance of the fruit 
samples when freshly harvested. The length of the bar repre- 
sents changes due to ripening in storage. 


does not indicate a corresponding change in dominant 
wavelength, as will be pointed out later in the paper 
Figure 1 shows the average progression of wave 
lengths of peak transmittance of 10 fruits due to time 
of harvest and ripening in storage. The post-harvest 
ripening period of fruit of the first 4 harvests was 
15 days, whereas the ripening period of fruit from 
the 5th and 6th harvests covered a period of only & 
days because the plums were post-ripe and soon 
spoiled. The same information for the Stanley va 
riety is presented in Figure 2. In this case, 7 harvests 
were made and the post-harvest ripening period for 
each lot was 15 days. The wavelength of peak trans 
mittanece for fruit harvested at weekly intervals in 
creased an average of 15 to 20 mp per week and this 


rate of increase declined as the fruit approached 


maturity. The ** Hortispect’’ readings also increased 
during ripening when the harvested fruit was held in 
storage at 55° F. This change averaged 3 to 4 my per 


e 


PEAK TRANSMITTANCE my 
> 
$ 


+ 4 
5 
HARVEST PERIOD 


Figure 2. Duplicate of Figure 1 for Stanley variety. 
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day with this rate of increase declining as the fruit 
became ripe. A survey of the readings of individual 
fruit ripening in storage indicated that this average 
change in peak transmittance was usually appropriate 
on the individual fruit basis. 

Hunter ‘‘a’’ readings made on the Gardner Color 
and Color Difference Meter showed a greater range 
than the ‘‘Rd’’ or ‘*b’’ 
was studied. 


scales, and so this measurement 
These readings also indicate a shift in 
when negative toward 
when positive. Hunter ‘‘a’’ readings increased from 
ca —5.0 for Stanley and —2.6 for Fellenberg to ca 4.0 
for Stanley and 6.0 for Fellenberg. 
bination of ‘‘Rd,”’ ‘‘a’’ and ‘‘b”’ 
wavelengths were calculated. 


hue from greenness redness 


Krom the com- 
readings, dominant 
This progression was 
A second 
color parameter, purity, was also calculated from these 
readings and varied from 44 to 74%. 
according to the Munsell system, was approximately 


from a low of 539 mp to a high of 587 mz. 
The progression, 


25GY 4/5 through intermediate steps to approxi 
mately 1OYR 2.8/5 
veloped color similarly to plums which were allowed 
to mature on the tree. Very early harvested fruit did 


Plums ripening in storage de 


not reach as high a level of Hunter ‘‘a’’ readings as 


later harvested fruit. Wavelength of peak transmit- 
tance appeared to be related very closely to Hunter 
‘a’’, particularly in respect to changes during fruit 
The correlation between 


maturation wavelength of 


peak transmittance and ‘‘a’’ readings was 0.935 for 
fruit of the Stanley variety and 0.933 for Fellenberg 
fruit, when only the initial readings of each harvest 
When both maturation 
and ripening effects were considered, the correlation 
was 0.764 for Stanley and 0.818 for Fellenberg. 
Firmness of fruit undergoing ripening, as measured 


were considered (Figure 3). 


on the Maryland Shear Press, showed a pronounced 
initial drop, followed by a gradual decline. This was 
especially true with plums which were put into stor- 
age when close to maturity. The shear resistance of 
fruit 


gradually 


maturing on the tree decreased much more 


Initial 
with the wavelength of peak transmittance and was 
found to be—0.940 and —0.970 for Stanley and Fellen 


shear resistance was correlated 
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Figure 3. Comparison of changes in initial Hunter ‘‘a’’ 


readings with wavelengths of peak transmittance of fruit of 
successive harvests. 


berg varieties, respectively (Figure 4). Correlations 
of —0.959 and —0.901 for Stanley and Fellenberg 
were observed when changes in maturation and ripen- 


ing were considered (Figures 5 and 6). 
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Figure 4. Comparison of changes in initial shear resistance 
with wavelengths of peak transmittance of fruit of successive 
harvests. 


FELL ENBGERG 


HEAR 
Re ANCE | 
MATURATION 4 
an 
RIPENIN | 
ANGE 
4‘ 4 
> 
a 
° 
4 
| 
62 640 
Ak TRANS ANCE 


Figure 5. Comparison of shear resistance of Fellenberg fruit 
with corresponding wavelengths of peak transmittance, includ- 
ing both maturation and ripening changes. 
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Figure 6. Duplicate of Figure 5 for Stanley variety. 
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As the harvest season progressed the average soluble 
solids of prune-type plums of Stanley variety in- 
creased from 9.3 to 17.0%, while those of the Fellen- 
berg increased from 11.9 to 19.5%. Rate of increase 
in soluble solids during maturation was greater than 
that occurring during ripening in storage. Fruit 
ripening in storage had an irregular and indefinite 
increase in soluble solids, which ranged from 10.9 to 
16.5% for Stanley and from 14.1 to 17.9% for Fellen- 
berg. The correlation between wavelength readings 
and soluble solids made on freshly harvested fruit was 
0.681 for Stanley fruit and 0.977 for Fellenberg. The 
former correlation was not significant with the small 
number of samples employed. The correlations were 
0.655 and 0.559 for Stanley and Fellenberg, respee- 
tively, when ripening changes were included. Fruit 
held in storage did not reach as high soluble solids 
content as fruit left on the tree. 

A gradual decrease in per cent acid (calculated as 
malic) was observed in plums which were maturing on 
the tree, while in storage, the decrease in acid content 
was irregular. Varietal differences were also found. 
Average rate of decrease in acid content of Fellenberg 
variety was similar for maturation on the tree and 
ripening in storage, being about 0.02% per day. 
Range of decrease was from 0.92 to 0.39% and from 
0.83 to 0.42% for degrees of maturation and ripening, 
respectively. In the case of Stanley variety, the rate 
of decrease in acid content was slightly higher during 
maturation, and much lower during ripening, than the 
rate of acid decrease for Fellenberg. Correlations of 
wavelength readings with per cent acid of the latter 


variety were —0.691 for freshly harvested fruit, which . 


was not significant with the small number of samples 
employed. The corresponding correlation of Stanley 
fruit was —0.950%. When ripening changes were 
included, the correlations were —0.671 for Fellenberg 
and —0.632 for Stanley fruit. 

Among the chemical-type determinations, the solu- 
ble solids/acid ratio of the freshly harvested fruit 
correlated highest with the wavelength of peak trans- 
mittanee. This correlation was 0.903 for Stanley and 
0.889 for Fellenberg fruit (Figure 7). When ripen- 
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Figure 7. Comparison of changes in initial soluble solids/ 
acid with wavelengths of peak transmittance of fruit of suc- 
cessive harvests. 
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ing changes were included in the correlation, a decline 
to 0.494 and 0.574 was noted for the varieties in re 
spective order. The progression of soluble solids/acid 
ratio due to harvest was from ca 11 to ea 89 for Stan- 
ley and from ea 12 to ca 28 for Fellenberg. During 
ripening in storage, a progression of 32 to 43 was 
noted in Stanley fruit and from 20 to 46 in Fellenberg 

Although this work was done with Eastern (Penn 
sylvania) fruit, the range of soluble solids and titrata 
ble acidity was similar to that reported in Western 
investigations (3, 5, 6, 7, 8, 9, 13). The only com 
parable research on color changes is that reported by 
Wiley and Worthington (7/4), in which their range 
of ‘‘a’’ readings was —5.2 to 6.0. This range was 
similar to that reported in this paper. 

The high correlation betwen the wavelength of peak 
transmittance of the intact fruit and reflectance read 
ings of the cut surfaces of the fruit made on the Hun 
ter ‘‘a’’ seale is considered to be due to the basic 
similarity of the measurements. The basis of the shift 
in wavelength of peak transmittance of fruit changing 
from green toward yellow or red was discussed by 
Birth and Norris (7). Basis of the shift in ‘‘a’’ can 
best be understood by references to measure 
ments from which ‘‘a’’ is derived by the formula 
apy = 175 fy (1.02 X — Y)*. The change in ‘* Rd”’ was 
found to be too limited to be useful. Wiley and 
Worthington reported a similar conclusion (14) 
Sinee Rd 100Y, it follows that this conclusion also 
applies to “‘Y’’ and that the significant changes in 
the ‘‘a’’ readings are directly related to changes in 

Since the ‘* Hortispect’’ readings of the intact fruit 
were highly correlated with firmness readings, advo 
cates of this type of measurement might well be in 
terested in the peak transmittance technique. The 
same statement is also appropriate for the soluble 
solids ‘acid measurement, when applied to the problem 
of estimating degree of maturation 


SUMMARY 


A rapid, nondestructive method has been deseribed 
using a new eleetronic instrument, which indicates 
internal flesh color changes of intact fruit by the wave 
length of peak light transmittance passing through 
the fruit (1). The aeeuracy and dependability of this 
instrument has been evaluated by comparing its read 
ings with previously used indices of degree of matura 
tion for prune-type plums. Comparisons of wave 
lengths of peak light transmittance and indices of 
degree of maturation were made on plums maturing 
on the tree as well as on plums ripening in storage 

Loss in firmness occurring during maturation and 
ripening, as measured by shear resistance, correlated 
highly with wavelength of peak transmittance. Wave 
lengths of peak transmittance also correlated highly 
with Hunter ‘‘a’’ readings, particularly respect 
to changes during fruit maturation. A high correla 
tion between wavelength readings and soluble solids 
acid of freshly harvested fruit was also observed. 


(21 + 20Y) 
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on Shelled English Walnuts 


WALNUT INDUSTRY faced 
with a continuing increase in production. The prob 
lem is complicated by the fact that consumption of 
inshell or whole walnuts remains practically constant 
whereas the consumption of shelled walnuts continues 
to increase. It is apparent that the demand for 
walnuts shelled and ready for use is growing. This 
is another example of the trend toward prepared 
foods, convenient to use in the kitchen. This change 
in buying habits, from inshell to shelled walnuts. 
creates a problem the industry must face if this new 
market is to be properly served. When walnuts are 
shelled, shelf life is materially shortened (10). Ran 
cidity develops quite rapidly on the grocer’s shelf and 
also in the home 

Considerable progress has been made recently in 


determining the influence on raneidity of factors such 
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Also much progress has been made in the use of anti- 
oxidants in retarding ranecidification of fats and oils 
OF In putting this ki owledge tO use in eX- 


tending the shelf helled walnuts, it seemed 


expedient to determine whether or not the measure- 
ment of oxygen absorption by shelled walnuts is a 
suitable method for comparing the activity of various 
antioxidants and to find the moisture level which had 
the minimum adverse effect on shelled walnuts during 
storage Sines oxvgen absorption has been used to 
determine the incipient oxidative rancidity of fats 
and oils, a method was devised to measure oxygen 
absorption by walnut kernels in an isolated atmos- 
phere. The development of free fatty acids was also 
followed during this experiment to see if a relation- 
ship existed between them and oxygen absorption 


and moisture content of shelled walnuts 
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EXPERIMENTAL PROCEDURE 


Freshly shelled walnuts of the Payne variety were divided 
into three lots. Lot 1 was sprayed with a mixture containing 
butylated hydroxyanisole (BHA) and _ butylated hydroxy 
toluene (BHT) 1:1 dissolved in a vegetable oil. The anti 
oxidant mixture was sprayed at a rate caleulated to give a 
residue of BHA and BHT combined of less than 0.056%. Subse- 
quent analysis by the method of Anglin, Mahon and Chapman 
(1) showed a total of 0.015% BHA and BHT on the walnuts. 

Lot 2 was sprayed with a solution containing butylated 
hydroxyanisole 28%, propyl gallate (PG) 12%, eitrie acid 6%, 
propylene glycol 34%, and mono- and di-glycerides 20%. 
Subsequent analysis showed 0.008% BHA and 0.003% propy! 
gallate on the walnuts. 

Lot 3 was used as the untreated control. 

Each of the 3 lots was divided into 5 sub-lots and spread 
out on large cardboard trays in a controlled humidity room. 
By use of the hydroseopie equilibria curve for walnuts, de 
scribed by Rockland (7), sub-lots were brought to the following 
moistures: 3.0%, 3.50, 4.0%, 4.59% and 5.0%. As each sub 
lot was brought to the proper moisture content, determined on a 
Ceneo moisture balance, 100 g. of shelled walnuts were sealed 
under full air in each 8-ounee ean. All eans were sealed in 
the controlled humidity room, thus preventing any moisture 
change. 

Cans were then stored in the laboratory at room temperature. 
At intervals duplicate samples were taken from each moisture 
level in each lot, and the head space gas analyzed for oxygen 
using a Beckman Model E2 oxygen analyzer and accompanying 
apparatus (Figure 1 Determination of the fatty acids was 


accomplished as follows: 


Figure 1. Headspace gas sampler and oxygen analyzer. 


The sample of walnut kernels is ground in a hand grinder, 
and the oil expressed by a Carver press. A 5-g. sample of the 
oil is weighed into a 300 ml. flask. To this sample is added 
50 ml. of 95% ethyl aleohol which has been neutralized with 
0.1 N KOH (with 1% aleoholie phenolphthalein as indicator). 
The sample is then brought to a boil and titrated with 
0.1 N KOH to a pink end point. 

Results are expressed as milligrams of KOH per gram of 
oil. 

The per cent of oxygen absorbed is the difference between 
the per cent of oxygen in atmospheric air (20.93%) and the 
per cent of oxygen in the headspace gas after storage. 


RESULTS AND DISCUSSION 


Free fatty acids in the control or untreated lot 
(Table 1) show a general increase as the moisture 
level of the shelled walnuts increases. Also the rela- 
tionship of elapse in time to increase in free fatty acid 
development is well illustrated. 


Tables 2 and 3 show that the BHA-BHT and BHA 
PG formulations had practically no effect upon the 
rate of development of free fatty acids but that 
moisture was again the principal cause of the in 
creased rate. Final analyses show nearly the same 
free fatty acid content, at a given moisture level, in 
the untreated and in the antioxidant treated lots. 


TABLE 1 
Free fatty acid concentration in untreated shelled walnuts ' 


Moisture 
Time in weeks 
1.0% 
O.17 


O.35 

0.56 

0.06 1.10 
0.62 


' Free fatty acid concentration expressed as milligrams potassium 
hydroxide per gram of oil 


TABLE 2 


Free fatty acid concentration of walnut kernels 
sprayed with a BHA-BHT solution 


Moisture 
Time in weeks 


o.11 
0.15 
0.26 
0.16 


TABLE 3 


Free fatty acid concentration in walnut kernels sprayed 
with BHA-Propyl gallate solution 


Moisture 
Time in weeks 

5% 4.0% 
O17 O17 
0.16 O17 
0.21 
o.21 


o.60 O.96 


In Table 4, control, higher moisture resulted in 
greater absorption of oxygen by the walnut kernels 
When treated with the BHA-BHT formulation 
(Table 5) the oxygen absorbed was reduced to 
approximately one-third of that absorbed by the con 
trol sample. 

The BHA-PG formulation (Table 6) reduced the 
oxygen absorbed to approximately one-half of that 
absorbed by the control sample. 

Antioxidant treatment not only lessens the absorp 
tion of oxygen but minimizes the effect of moisture in 
this respect. 
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pressurized packaging moves products faster — at maxi- 
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Madison, Wisconsin. They are available to all users and prospective users of 
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solution of your pressurized packaging problems, 
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EFFECT OF MOISTURE, 


TABLE 4 


Per cent oxygen absorbed by untreated shelled walnuts 


Moisture 
Time in weeks 


45° 

7 0.35 148 0 1.60 
12 af) 0.45 0.20 0.78 1.21 
14 0.76 O88 
16 11 85 a0 7.68 
6.7 7.89 
7 4.45 7.74 
t 1 
14.4 13.14 

TABLE 5 


Per cent oxygen absorbed by BHA-BHT eprayed shelled walnuts 


Moisture 
ris n weeks 
1.5% 
65 
‘ 
14 
it 70 
18 7s 
4 2.40 27 
‘ 4.5¢ 
Ha 
‘ 


TABLE 6 
Per cent oxygen abosrbed by BHA-PG sprayed shelled walnuts 


Moisture 
Time in weeks 
i ‘ 
7 
70 
1 
i4 ae 
1.45 1.8 
is 1.1 
P45 
61 4 7.9 
“7 7 


From this experiment, it appears that the action of 
BILA and possibly BIT as antioxidants is mainly one 
of oxygen blocking rather than selective oxidation. 
If it were selective oxidation, oxygen would be more 
rapidly and completely absorbed in the cans contain- 
ing the antioxidant 

Tables 5 and 6 show that the BHA-BHT formula- 
tion is more efficient at blocking oxygen than the 
BHA-?G formulation at the higher moisture levels. 
After 34 weeks, however, BHA-BHT is more efficient 
at all moisture levels 

From the standpoint of free fatty acid formation 
and oxygen absorption in untreated walnuts, a mois- 
ture level of approximately 3.0% is desirable. This 
agrees with the findings of Rockland (7) who found 
this to be the moisture level at which there is the least 
change in odor, flavor and color of shelled walnuts. 
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The rate and volume of oxygen absorbed by both anti- 
oxidant treated lots are not increased, however, by 


9 Ad 


raising the moisture from 3.0% to 3.5%. 


SUMMARY 


Absorption of oxygen from the headspace air in 
sealed cans containing shelled walnuts was used to 
compare the efficiency of the two antioxidant formula- 
tions used in this experiment. Oxygen absorption was 
also used to compare shelled walnuts treated with 
antioxidants against untreated walnuts which gave a 
measure by which their effectiveness to retard oxida- 
tive rancidity could be evaluated 

The effect of various moisture levels on kernel stor- 
age life was determined by measuring the free fatty 
acid concentration 

BHA and BHT, in vegetable oil, when applied to 
shelled walnuts reduced the oxygen absorbed by 
approximately two-thirds. The BHA-PG formulation 
reduced the oxygen absorbed by approximately one- 
half. Oxygen absorption increases as moisture econ- 
tent increases 

In general the rate of free fatty acid formation also 
increased, and was not affected 
by either antioxidant formulation 


increased as moisture 


Acknowledgment 
The authors gratefully acknowledge the cooperation and 
helpful suggestions given by Dr. L. B Rockland of the Western 
Utilization Research nd Development Division Fruit and 
Vegetable Laboratory, | SDA, in Pasadena, California. 


LITERATURE CITED 


l. ANGLIN, C., Manon, J. H., CHapMAN, R. A. 
of antioxidants in edible fats. J. Agi 


Determination 
Food Chem., 4, 


LOIS (1956 


~. Cruess, W. V., AND ARMSTRONG. M Experiments with anti 
oxidants for walnuts. / t Products J., 26, 327 (1947). 
Dva@an, Jr., L. R., Marx, L., Were, C. E., anp IK RAYBILL, 
H. R. Butylated hydroxytoluene, a new antioxidant for 
food use American Meat Institute Foundation Bull. 18 
(1954 
4. H. R., Duean Jr., L. R., Beapie, B. 


BRANS, F. C., Swartz, V., AND Rezapek, H. Butylated 
hydroxyanisole as an antioxidant for animal fats. J. 
Am, Oil Chemists Soc., 26 (9 1949 
Musco, D. D., anp Crugess, W. V. Studies on deterioration 
of walnut meats. J. Agr. Food Chem., 2, 520 (1954). 
6. OLtcorr, H. 8S. Antioxidants for fats and oils. 133rd meet- 


ing of the American Chemical Society, San Francisco, 


California (April, 1958 
7. RockLanp, L. B \ new treatment of hygroseopie equi- 
libria Application to walnuts (Juglans regia). Food 


Research, 22, 604 (1957 
8. RockLanp, L. B. Recent progress on the utilization of 
shelled walnuts. Diamond Walnut News, 37 (5) (1955). 
9. Tappet, A. L., Knapp, F. W., Urs, K. Oxidative fat ran 
cidity in food products. II. Walnuts and other nut 
meats. Food Research, 22, 287 1957 
10. Wooproor, J. G., anp Cre! ,s. R. Nuts: 
ter candy. Food Eng. (11) 129 (1951). 


setter kept—RBet- 


(Manuscript received May 31, 1958) 


CONDITIONS within 
the refrigerated-storage room greatly influence the 
keeping quality of frozen fish. Tests conducted by 
previous investigators (/, 2, 6,8) have shown that to 
minimize quality loss during frozen storage, frozen 
fishery products should be stored (a) at temperatures 
of 0° F. or lower, (b) at high relative humidity, and 
(¢) at nearly constant temperature. Many frozen-food 
warehouses constructed in recent years have been 
designed for operation at temperatures of 0° F. or 
lower. Conventional methods of providing the re- 
frigeration effect with ceiling evaporators consisting 
of plain pipe coils, finned pipe coils, or overhead plates 
have been retained. Evaporator cost, space limita- 
tions, and other factors peculiar to this design have 
limited the amount of evaporator cooling surface area, 
resulting in 60 to 80% relative humidity in the 
product storage area. 

Although the detrimental effect of low relative hu- 
midity in the storage room (resulting in increased 
dehydration and in loss of quality in some fishery 
products) has been reduced or completely eliminated 
through use of moisture-vapor-proof packaging ma- 
terials and improved packaging techniques, many 
round (unpackaged) fish or inadequately packaged 
fishery products are kept in a refrigerated warehouse 
for considerable periods of time. Seasonal production 
or inventory needs are the chief reasons for this situa- 
tion. Round fish may be glazed at regular intervals to 
prevent excessive loss of moisture and subsequent re- 
duction of quality. Unfortunately, this procedure 
often results in high labor costs. 

Inadequately packaged products therefore present 
a difficult technical problem. With such products, 
serious consideration should be given to the use of the 
jacketed type of cold-storage room. The jacketed 
room is designed in a manner that permits main- 
tenance of a high relative humidity and nearly uni- 
form storage temperature (3, 4, 5, 9). Cold-storage 
rooms employing the jacketed principle have been 
constructed in this country and in Canada. In gen- 
eral, however, industry has been reluctant to accept 
the jacketed principle. To furnish data on the 
jacketed type of cold-storage room of the size most 
suitable for use in a small fishery plant, a jacketed 
freezer was constructed at the Bureau of Commercial 
Fisheries Technological Laboratory in East Boston, 
Massachusetts. 

Objectives. Objectives of the study were (a) to 
determine the effect of engineering design on the 
operating characteristics of a jacketed-type freezer, 
(b) to obtain data on optimum operating conditions, 
and (¢) to determine the relative keeping quality of 
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conducting tests. 
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Boston, Massachusetts 


fish stored in a jacketed freezer and in conventional 
freezers. 


DESCRIPTION OF JACKETED FREEZER 


The jacketed freezer was so designed that cold air circulates 
from bottom to top through an enclosed jacket completely sur 
rounding the produet storage space (Figure 1). Outside walls 
of the jacket were constructed of marine plywood and covered 
on the outside with cork insulation 10 inches thick. Inside walls 
of the jacket—comprising the walls, ceiling, and floor of th: 
product storage space—also were constructed of marine ply 
wood, with the exeeption of the floor, which is of fir sheathing 
Vertical and longitudinal wooden members arranged within 
the 3% -inch wide jacket to provide a system of duets permit 
uniform distribution of cold air around the periphery of the 
10-foot-square by 8-foot-high storage room (Figure 2 The 
jacket is essentially a closed-duct system within which are lo 
eated the evaporator and fans that provide the necessary cireu 
lation of cold air. Other features of this cold-storage room ar 


a) dampers located in the ceiling duets, to regulate flow of air 
within individual duets and (b) doors in the inner walls of the 
room that may be opened to provide foreed circulation of cold 
air from the jacket directly into the room for rapid initial 
cooling of the storage space. 
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Figure 1. Cross-sectional view of jacketed freezer used in 
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Figure 2. Arrangement of floor ducts in jacketed freezer as 
viewed from fan discharge area. 


Refrigeration is provided by a 7%4-horsepower h.p.), two 
stug water-cooled, Freon 4 condensing unit capacity 19,400 
British thermal units (B.T.1 per hour at 0° F. refrigerant 
suction temperature connected with suitable piping to a finned 
pipe eoil evaporator loeated in the jacket Cireulation of air, 


from bhottor to top, in the floor, wall, and eeiling duets of the 


jacket and over the evaporator coils is maintained by ” cen 


trifugal fans, also located it 


the jacket Fans are connected by 
means of a common shaft to a 1% h.p. motor located outside 
the freezer A hot-gas defrosting system—complete with elec 
tric time cloek, solenoid valves, and heat exchanger, to prevent 
iquid return to the compressor permits automatic defrost of 
the « vaporator periodically 

Conventional refrigeration controls consisting of a capillary 
type thermostat, low-pressure eleetrieal switch connected to the 


compressor-motor starter, nd eleetrie solenoid valves auto 


natically maintain the freezer at the desired temperature 


EFFECT OF ENGINEERING DESIGN ON 
OPERATING CHARACTERISTICS 


Studies were earried out to determine the effeet of (a) vari 
us jacket fan speeds and room-temperature fluctuations on 
quipment operating requirements ind b various jacket fan 


speeds on ‘‘room reeove time due to air infiltration esused 


by personnel entering and leaving the room 


METHODS OF MEASUREMENT 


In these studies, measurements were made of air flow, tem 
perature, relative humidity, and eleetrical energy 

Air-flow measurements Air flow measurements were of 2 
kinds: velocity and pressure difference. 

Velocity measuren s. Velocity of the air in the jacket 
wall ducts shown in Figure 1, exeept for those duets located 
ibove the door, was mensured with a Hastings electric air meter 
The instrument consists of a thermopile sensing element that 
generates a thermal differential voltage proportional to the 
flow of sir over the resistance coils of the element This dif 
ferential voltage is transferred by cable to a direct-reading 
velocity indicator located outside of the storage room. 

Pressure differential measurements A Dwyer inclined ma 
nometer draft gauge and statie pressure tips, designed to elimi 
nate errors due to velocity, were used to measure the static 
pressure drop across the evaporator and the jacket ducts. The 
manometer had range of 0 to 0.10 inch of water and eould be 
read accurately to 0.001 ineh of water. It was filled with a red 
colored oil (specific gravity, 0.826) which has a freezing point 
below that of the storage room. True pressure differential 
readings were obtained by multiplying the seale readings by 


603 


correction faetors obtained from the manufacturer's tempera- 


ture-correetion curve. For determining pressure drop across 
evaporator a statie pressure tip was located on each side of the 
evaporator. One was also located in the fan discharge, and 
inother in the air strean ing the jacket ducts (entering the 


for determining pressure drop in the jacket ducts. 


evaporator g 


Temperature measurements. Temperature measurements of 
room air, jacket air, na eke luet surfaces were made with 


copper-constantan thermoco ples connected by means of a plug 


switchboard to a mult int recording potentiometer. Six 
thermocouples we! ocate within the room, and 30 in the air 
flowing in the jacket ducts. | uidition, 40 thermocouples were 
attached to the outside surfaces of the jacket ducts (inside 
surfaces of the roon lo minimize losses due to conduction, 


the fixed ends of these thermocouples were held against the 
wooden surfaces by leather washers, fastened with common 
wood serews 
Relative humidi.y measurements. Relative humidity meas 
irements were made with Dunmore electric hygrometer equip- 
ent, factory ealibrat for .T t temperatures of 60 to 


FF, The hygrometer equipment consisted of 2 wide-range 


combination temperat I humidity sensing elements located 
n the storage room and connected with moisture-resistant cables 
through a selector switch to an indicator located on a gauge 
board outside of the storage roon Each sensing element was 
mounted on a wood base ong with a fractional horsepower 
fan and a 100-watt light. Cireulation of warm air over the 


element prevented moisture from being deposited on the element 


ind impairing its effi The indicator seale ranged from 


100: both temperatures and humidities were obtained from 

rves calibrated for each sensing element Manufacturer’s 

bration aecura vas stated to be within + 1.5% of the 

tr relative hu ty Relative humidity in the storage area 
is caleulated also using the formu 


Where H is the relat ! t n per cent, P, is the vapor 
pressure of saturate t dew-point temperature in pounds 
per square inch (p.s nd Py, is the vapor pressure of satu 
rated air at dry-bulb t erature in p.s Caleulations were 
le with reference to t r pressure of ice. Dew-point of 
t! oom air was d on the basis that in an empty 
refrigerated roon wit t of moisture from the air will 
oceur until the dew- pm t of the air reaches the temperature of 
the coldest evaporat vithin the roon ”?). The lowest 
eket surface duet te ‘ ture obtained during each test 
refore wus ust } 0 t perature. Dry-bulb 
temperature was obtained tl thern couple located in the 
room 


Electrical energy measuremcnts. The ele trical energy re 


ired to operate the refrigeration compressor motor and the 

eket fan tor was easured th polyphase watthour 
meter. Current transformers having ratio of 4 to 1 and 13.33 
1 were ised sur fal ind compressor electrical 
energy requirements, respectively. Kilowatt hours (k.w.h.) of 

eetrieal energy were re bv tipiving the meter read 
ings by the ippropr t ‘ ent ft nsformer ratio. 


EQUIPMENT OPERATING TESTS 


This experiment was designed to determine the 
effect of various jacket fan speeds on jacket air flow 
and the effect of jacket fan speed and room-tempera- 
ture fluctuations on jacket duct surface and jacket air 
temperatures, relative humidity of the product storage 


area, and electrical energy requirements 


PROCEDURE 


Refrigeration equipment wa ted in a manner similar 


t 


that which would be employed during commercial practice. 
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The evaporator was automatically defrosted with hot refriger- 
ant gas every 8 hours. Temperature of the room was controlled 
by a standard thermostat located in the jacket air chamber” 
and set at a fixed temperature lower than that of the room 
temperature. The refrigeration compressor was automatically 
**eyeled’’ on and off by means of a low-pressure switch actuated 
by the refrigerant suction pressure, 48 deseribed previously. 
The fan was operated continuously except during the defrost 
period, 

Room temperature was maintained at 0° + 0.5° F. and at 0° 
+ 2.5° F. Tests were conducted at each temperature range using 
jacket fan speeds of 82, 155, 235, 570, and 990 revolutions per 
minute (r.p.m.). In all, a total of 10 individual tests were carried 
out. Operating conditions for each test were standardized for a 
period of not less than 24 hours prior to recording any data. 
Measurements of the (a) jacket air flow, (b) temperature of 
the storage room jacket ducts, and air circulating in the jacket, 
(e) relative humidity of the storage room, and (d) eleetrical 
energy required for the operation of the jacket fan and the 
refrigeration compressor motors were made during each test 


over a period of 2 to 3 days. 


RESULTS AND DISCUSSION 


These tests show the effect of various jacket fan 
speeds on jacket air flow and the effeet of jacket fan 
speed and room-temperature fluctuations on jacket 
duet surface and jacket air temperatures, relative 
humidity of the product-storage space, and electrical 
energy requirements of the equipment. 

Jacket air flow. Figure 3 shows the jacket air flow 
in cubic feet per minute (¢.f.m.) at various fan speeds. 
The capacity of the fan varied directly with the speed 
of the fan in accordance with previously established 
principles of fan operation (7). 

The pressure drop of the air flowing (1) through the 
jacket ducts, and (2) across the evaporator is shown 
in Figure 4. As the flow of air through the jacket 
increases, the slope of the pressure-drop eurve also 
increases, showing an increase of resistance to the flow 
of air. The inerease in the slope of this curve at fan 
speeds above 570 r.p.m. indicates that for efficient 
operation, speed of the fan should not exceed 570 r.p.m. 

Temperatures of jacket ducts and jacket air. The 
relationship between the temperatures of the jacket- 
duet surfaces and the room is important in deter- 
mining suitability of design and establishing operating 
requirements of the equipment. Jacket-duct surface 
temperatures higher than or equal to the room tem- 
perature indicate that the flow of air is inadequate 
and that the room is not being properly cooled. Thus, 
temperatures of the jacket ducts should be lower than 
that of the room to provide adequate refrigeration. 
As the temperature differential between ducts and 
room inereases, however, dew-point temperature of 
the air within the room also decreases. A decrease in 
relative humidity in the room results. The tempera- 
ture differential between jacket ducts and room there- 
fore must be large enough to provide adequate re- 
frigeration and small enough to maintain the dew- 


"This method of control made it possible to use a standard 
thermostat and take advantage of fluctuations in jacket air 
temperatures in order to obtain almost constant temperature in 
the product storage area. Maintenance of a nearly constant 
room temperature eould not have been otherwise accomplished 
unless a highly sensitive and expensive thermostat was located 


in the produet storage area. 


' The jacket air flow was calculated from sum of air velocity in du: 
on wall 6a (Figure 1) 


Figure 3. Relation of jacket air-flow to jacket fan speed. 
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Figure 4. Pressure drop of air flowing through jacket ducts 
and across the evaporator at various fan speeds, 
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Figure 5. Effect of jacket fan speed and room temperature 


Tempe sture eT ' red th thern ouple ‘ rred ta the 


point of the air at a temperature that assures a high 
relative humidity in the product storage space. 

The effect of various fluctuations in room tempera 
ture and jacket fan speeds on the temperatures of the 
jacket duct surfaces is shown in Figure 5, Data in 
this figure show that at a jacket fan speed of 82 r.p.m., 
circulation of air in the jacket is inadequate as ev! 
deneed by the large number of ducts having a 
temperature above or equal to room temperature. An 
increase in jacket fan speed from 82 to 570 r.p.m 
results in a decrease in the number, of ducts having a 
temperature above or equal to the room temperature 
A further increase in fan speed from 570 to 990 r.p.m 
results in a very slight increase in the number of ducts 
at temperature above or e¢ ual to the room tempera 
ture This is believed due to high jacket air tem 
perature in some of the ducts resulting from increased 
frictional resistance due to air flow 

At fan speeds of 155 r.p.m. or higher and room tem 
peratures of 0 25° F. (a) more duets are above or 
equal to the room temperature, (b) fewer duets are at 
the preferred temperatures of only 1° to 2° F. below 
that of the room, and (¢) more ducts are at the un 
desirable temperatures of 2.5° to 4° F. colder than the 
room temperature than there are at similar fan speeds 
and room temperatures of 0° + 0.5° F 

Therefore, to maintain the temperatures of the 
ducts at a point that will result in a high dew-point 
and a minimum number of ‘‘hot spots,’’ temperature 
of the room should be as constant as possible and fan 
speeds of 155 to 570 r.p.m. should be emploved. No 
advantage is gained from using fan speeds above 
570 r.p.m 

Temperatures of the air entering and leaving the 
jacket ducts at various room temperatures and fan 
speeds are shown in Figure 6, At room temperatures 
of 0° & 2.5° F., the difference in temperature between 


fluctuations on jacket duct surface temperatures. 


the air at the jacket duct inlet (fan 


the air from tl wket duet outlet 


discharge) and 


air entering 


evaporator) is greater than at temperature fluctu 
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Figure 6. Effect of jacket fan speed and 
fluctuations on jacket air temperature. 
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ations of = 0.5° F. In addition, the air to the jacket 
ducts is consistently at a lower temperature at tem- 
perature fluctuations of + 2.5° F. than at fluctuations 
of only = 0.5° F. As would be expected, a reduction 
in fan speed results in an increase in the temperature 
difference between the air entering and leaving the 
jacket ducts. This increase in temperature difference, 
however, is more pronounced at the large temperature 
fluctuations. 

In accordance with the basie principles of thermo- 
dynamies, (a) a reduction of air flow under similar 
refrigerator load conditions or (b) an inerease in re- 
frigeration load conditions (for example, by cooling 
the room 5° F. during each eyele rather than 1° F.) 
at constant air flow, will result in an increase in the 
difference between the temperature of the air entering 
and leaving the jacket. As the jacket air flow in- 
creases, however, frictional resistance to air flow also 
increases (Figure 4). This results in an inerease in 
the amount of heat in the jacket, which must be with- 
drawn in order to cool the room to the required 
temperature. An increase in fan speed from 570 to 
990 r.p.m. results in a comparatively large increase 
in jacket air flow (Figure 3) and only a small decrease 
in the difference between the temperature of the air 
entering and leaving the jacket ducts, indicating that 
at fan speeds above 570 r.p.m., considerable refrigera- 
tion effect is being used to compensate for heat in- 
curred as a result of frictional resistance. At fan 
speeds of 155 r.p.m. or lower and room temperatures 
of 0° > 2.5° F., the large difference between the tem- 
perature of the air entering and leaving the jacket 
duets and the low temperature of the air entering the 
jacket ducts indicate that air circulation is inadequate, 
resulting in poor heat transfer and inefficient opera- 
tion of the compressor. 

The information indicates that if variable load con- 
ditions or fluctuating temperatures prevail, fan speeds 
of 235 to 570 r.p.m. should be used. If nearly con- 
stant load conditions and room temperature are main- 
tained, however, fan speeds as low as 155 r.p.m. may 
be used satisfactorily. 

Relative humidity. Figure 7 shows the relative 
humidity of the product storage space as determined 
by humidity instrument measurements and by the 
calculated dew-point temperature of the room air 
based on the lowest jacket duct surface temperature. 

Differences between relative humidities obtained by 
instrument measurement and by calculation of the 
dew-point temperature may be due to possible in- 
accuracy of the instrument at high relative humidities 
and failure of room environmental conditions to be- 
come adjusted, within the period of time allotted for 
testing, to enable the dew-point of the air to reach the 
temperature of the coldest jacket duct surface. In 
view of these limitations and the extreme difficulty in 
obtaining accurate measurements of relative humidity 
at temperatures below freezing, this discussion of 
results is based on a range of relative humidities 
rather than on exact relative humidities. Since the 
dewpoint temperature of the empty room would even- 
tually equal that of the coldest jacket duct surface, 
however, calculated relative humidities are perhaps a 


Figure 7. Effect of jacket fan speed and room temperature 
fluctuations on relative humidity of the product storage area. 


better criterion of performance than those obtained 
by instrument measurement. 

Relative humidities varied from (a) a low of 87.5 to 
90% toa high of 92 to 95° at room temperatures of 
O° + O° and (b) from a low of 87.5 to a high of 92° 
at room temperatures of 0° + 2.5° F. Low relative 
humidities were obtained at a fan speed of 82 r.pan 
and high relative humidities at 235 and 570 r.p.m, for 
temperature fluctuations of 2.5° F. and F 


respectively. An inerease in fan speeds above 
570 r.p.m. resulted in a decrease in relative humidity 
Therefore, to maintain a high relative humidity, room 
temperature fluctuations should be kept at a minimum 
and jacket fan speed should be between 235 and 


570 r.p.m. 

Equipment electrical energy requirements. hic 
electrical energy expressed in k.w.h. per 24 hours 
required for operation of the jacket air fan and the 
refrigeration compressor at room temperatures of 
0° + 05° F. or 0° + 2.5° F. and jacket fan speeds 
of 82 to 990 r.p.m. is shown in Figure 8. 

Fluctuations of room temperature do not appreciably 
affect the electrical energy requirements of the jacket 
fan. However, as would be expected, an increase in 
jacket fan speeds results in an increase in fan elec 
trical energy requirements. 

At room-temperature fluctuations of + 0.5° F., a 
decrease in fan speed results in a decrease in com- 
pressor electrical energy requirements, as would be 
expected. At increased temperature fluctuations of 
+ 2.5° F., however, the compressor electrical energy 
requirements decrease with fan speed until a fan 
speed of 235 r.p.m. is reached; further reduction in 
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Today's consumer 

is quality conscious 

— at all price levels. 

That’s why you have an added edge 
when you use food flavors by Webb 
outstanding for trueness, 

delicacy, uniformity and strength. 
Specialists in standard flavors and 
custom flavor development 

for over fifty years. 
Inquiries invited. 
Catalog on request. 
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Three of the many groups of foods and 
beverages that are increasing sales 
with Pfizer vitamin fortification and 
enrichment: 


@ A health plus on the label of carbonated 


beverages says “Vitamin C Fortified” and 


means sales. You can give your product this 
big competitive advantage for less than a penny 
and a half per case. (Based on fortifying a 
twenty-four 12 oz. bottle case with the full daily 
requirement of Vitamin C in each bottle.) 

@ It’s a smart sales move to enrich flour, 
macaroni, corn meal and similar products with 
Pfizer BI-CAP® enrichment concentrates. They 
give such products more food value. Let Pfizer 
show you how BI-CAP can add sales appeal 
to your product. 


@ To fortify your sales position in the canned 
centrate market, fortify these products with 
Pfizer vitamins. “Vitamin Fortified” on your 
label is a strong sales inducement. What's more, 
your vitamin content is standardized to offset 


eacnets 


processing losses and seasonal variations. 
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What's the most 
powerful appeal 
to the food shopper? 


| .. Her family’s health! 


Here’s how to put it in and on your package! 


@ There's something very basic about the grocery business that’s so simple and 


true that it’s often overlooked. More vital to the permanent sales position of 


your food product than all the temporary give-away promotions is the 


fundamental desire of every homemaker to provide her family with the 
maximum in health-giving nourishment. That's why Pfizer's vitamin 
fortification and enrichment program fits in so well with any contemplated 
improvements in your product. Your Pfizer sales representative is prepared to 
give you full details on how Pfizer vitamins can powerfully increase your 
product's sales potential. Remember that Pfizer has been a major 

vitamin research and production center since the first vitamin was 


commercially produced. 


Science for the World's Well-Being Pfizer Manufacturing Chemists for Over 100 Years 


CHAS. PFIZER & CO., INC. 


Chemical Sales Divisio) 
630 Flushing Ave., Brooklyn 6, N. Y 
Branch Offices: Chicago, II|.; San Francisco, Calif 
Vernon, Calif.; Atlanta, Ga.; Dallas, Tex.; Clifton, N. J 
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At simulated altitude of 40,000 feet, this pilot is enjoying a ham dinner. He fits a plastic nozzle to a 
tube and pushes it through an aperture in his helmet to his mouth. To eat, he merely squeezes the tube. 


NEW squeeze-tube method for feeding our 
A men in space suits has been developed in 
the American Can Company laboratories. 

Several thousand food-filled tubes are now 
undergoing rigorous performance tests by the 
Nutrition Section of the Aero Medical Labo- 
ratory at the Wright Air Development Center, 
Dayton, Ohio. The tubes contain 12 different 
liquid and semi-solid foods of high caloric den- 
sity, formulated by the Quartermaster Food 
and Container Institute for the Armed Forces, 
Chicago. 

In designing the tubes, scientists of Canco 


and Sun Tube Corporation, a subsidiary, had 
to produce a lightweight container strong 
enough to withstand food sterilization proc- 
esses. The aluminum squeeze-tube and its 
auxiliary ““pontube”’ feeding mechanism elim- 
inate previous defects of high-altitude feeding 
caused by pressure differences inside and out- 
side the space helmet. 

Through the work of skilled scientists, effec- 
tive research facilities, and the cooperative 
efforts of industry and government organiza- 
tions, another advance is being made in mas- 
tering the space age. 


‘ee 
te 
it’S MEALTIME—40,000 FEET IN OUTER SPAGK 
fa 
? 
f @ AMERICAN CAN COMPANY 


STUDIES ON A JACKETED COLD-STORAGE ROOM 
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Figure 8. Effect of jacket fan speed and room temperature 
fluctuations on equipment electrical energy requirements. 


fan speed rapidly increases compressor energy re 
quirements 

At fan speeds above 235 r.p.m., high compressor 
electrical energy requirements at temperature fluctu 
ations of + 0.5° F. were attributed to the frequent 
‘eveling’’ of the compressor necessary to maintain 
a near constant room temperature. At fan speeds 
below 235 r.p.m., inerease in electrical energy require 
ments at temperature fluctuations of 2 2.5° F. was 
believed to be due to inadequate circulation of air and 
the increased refrigeration effect necessary to cool the 
room at each eyele. As a result, in order to maintain 
the room at the desired temperature, the compressor 
operated inefficiently for long periods of time at a 
comparatively low suction pressure. At fan speeds 
of 235 r.p.m. or lower, however, cirsulation of air was 
sufficient to cool the room 1° F. without excessive 
operation of the refrigeration compressor. 

This information indicates that if room temperature 
or refrigeration load requirements change appreciably, 
fan speeds of 235 to 570 r.p.m. should be used to 
obtain efficient operation of the equipment. If the 
room temperature is maintained at a nearly constant 
level, however, and if load requirements are not ex- 
cessive, costs of operating the equipment may be 
reduced slightly by using fan speeds of 155 r.p.m. 
Equipment energy requirements at fan speeds of 155 
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to 235 r.p.m. are estimated to be 20 to 22% higher 


than those of a conventional-type still-air room. 


AIR INFILTRATION TESTS 


The experiment on air infiltration was designed to 
determine the relationship between jacket fan speed 
and time required for the product storage space to 
return to normal operating temperature (—2° F.) 
after being subjected to air infiltration caused by 
passage of personnel in and out of the room. It was 
found in most instances that personnel enter and leave 
the freezer on an hourly basis during the working day. 
Preliminary tests at this laboratory indicate that the 
refrigerator door may be open as long as 40 seconds 


each hour as the result of this traffic 


PROCEDURE 

During t s exper nt the refrigeration equipment was 
operated as deseribe eviously in the equipment-operating 
tests pt that t t ot defrosted and tempera 
r con rmos ted in the room, rather 

t n in the jacket | ! nt op tion s standardized for 
t hours prior t ‘ Co wt of ch test. Tests were con 
dueted at eket far ‘ s of 82, 155 65, STO, and 990 r.p.m. 
At g vas opened for 40 
1 i st temperatures were 
reeorded at 6 nt wations in tl room by a recording 


RESULTS OF ATR IVFILTRATION TESTS 


The effect of various jacket fan speeds on the time 


required for the room to return to its normal operating 


temperature of 2° F., after being subjected to air 
infiltration (simulating personnel usage), is shown in 
Figure 9. Freezer recovery time varied with jacket 
fan speed. An increase in fan speed from 82 to 


570 r.p.m. decreased freezer recovery time from 59 to 
18 minutes, respectively \t fan speeds above 579 
r.p.m., however, freezer recovery time decreased to 17 
minutes and then increased to 19 minutes at 990 r.p.m. 
These data indicate that no appreciable decrease in 
freezer recovery time would be obtained by operating 
the fan at speeds above 570 r.p.m., but that, for rapid 
recovery, the fan speed should not be less than 235 


r.p.m 


RELATIVE KEEEPING QUALITY OF FISH 
STORED IN JACKETED FREEZER AND IN 
CONVENTIONAL FREEZER 


Tests are being conducted to determine the keeping 
quality of fishery products stored in the jacketed 
freezer, described previously, and in conventional- 
type cold-storage rooms using overhead plate-type 
evaporators (laboratory cold-storage room) or finned- 
pipe-coil evaporators (commercial cold-storage room). 

The jacketed freezer is operated at a temperature 
of —5° F. + 0.5° F., and the fan speed is maintained 
at 360 r.p.m. Temperatures of the laboratory and 
commercial cold-storage room range from 0° to 
—5° F. Relative humidities were measured with a 
Dunmore electric hygrometer instrument and were 
found to be (a) 90 to 95% in the jacketed freezer, (b) 
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TACKET PAN pM 


Figure 9. Effect of jacket fan speed on time for freezer to 


return to its operating temperature of —2° F. after being sub- 
jected to air infiltration caused by personnel usage. 


80 to 85% in the commercial cold-storage room, and 
(ce) 70 to 80% in the laboratory cold-storage room. 
Some preliminary results of storage tests on frozen 
shrimp, haddock fillet blocks, haddock fish sticks, and 
round albacore tuna follow. 

Shrimp. Commercial samples of peeled, deveined, 


PEELED DEVEINED 
SHRIMP 
COMMERCIAL. 
PYPE. FREEZER 


PCE LOD DEVEINED 

“TORED « d@CKE TED 
FREEZER 


Figure 10. Appearance of frozen shrimp stored for 9 months 
at 0° to —5° F. in the jacketed freezer and conventional type 
freezer. 

Note, shrimp stored in conventional freezer are badly de- 
hydrated and have lost their glaze, while those in the 
jacketed freezer still retain some glaze. 
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individually frozen and glazed, pink shrimp, packed 
in waxed chipboard cartons and overwrapped with 
waxed bleached sulfite paper, are being stored in the 
jacketed freezer and in the laboratory cold-storage 
room. Appearance of these shrimp after 9 months’ 
frozen storage is shown in Figure 10. Shrimp stored 
in the jacketed freezer have retained their glaze and 
normal **pink’’ color. Shrimp stored in the laboratory 
cold-storage room are faded and badly discolored, how 
ever, showing evidence of considerable dehydration 
Appearance of shrimp stored in the conventional cold 
storage room was so poor that they were considered 
unacceptable. 


Haddock fillet blocks. Commercial samples of had 
dock fillet blocks (weighing 13.5 pounds each) packed 
in waxed chipboard cartons without overwraps and 
stored in the jacketed freezer and in the commercial! 
cold-storage room are being examined at periodic 
intervals during frozen storage for changes in weight 
and quality. Results of the examination for weight 
loss show that after a year of frozen storage, samples 
stored in the conventional cold storage room lost about 
7 times more weight than did samples stored in thi 
jacketed freezer (Figure 11). Results of organoleptic 
examinations by a taste-panel of 10 judges for flavor, 
odor, appearance, and texture show both samples to be 
of very good quality. These tests are continuing 


' Packed in waxed chipboard cartons, no overwrap 
* Cellophane overwrap 


Figure 11. Comparison of weight loss of various fishery 
products stored in a jacketed type and in a conventional type 
cold-storage room. 
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STUDIES ON A JACKETED COLD-STORAGE ROOM 


Haddock fish sticks, Tenu-ounce packages of had 
dlock fish sticks overwrapped with MSAT cellophane 
have been stored for 12 months in the laboratory cold- 
storage room and in the jacketed freezer. Figure 11 
shows that packages stored in the jacketed freezer 
have not suffered any measurable weight loss during 
the 12-month period, whereas those stored in the con 
ventional cold-storage room have lost almost 1% in 
weight. Results of taste-panel evaluations for flavor, 
odor, appearance, and texture show a consistent but 
not significant preference for the fish sticks stored in 
the jacketed freezer 

Albacore tuna, Samples of frozen round albacore 
tuna (average weight about 54 pounds) have been 
stored unglazed in the jacketed freezer and in the 
laboratory cold-storage room for 1044 months. Figure 
11 shows that the weight lost after 1044 months of 
frozen storage by the tuna stored in the conventional 
cold-storage room is over 20 times greater than the 
weight lost by the tuna stored in the jacketed freezer. 
No organoleptic tests have been conducted on these 


fish 
SUMMARY 


Tests were earried out to determine the effect of 
engineering design on the operation of a jacketed 
freezer and on the relative keeping quality of fishery 
products stored in a jacketed freezer and in conven- 
tional freezers 

Engineering tests were concerned with the effect of 


jacket fan speeds and or room-temperature fluctu- 


ations on jacket air flow, jacket duct and air tempera- 
tures, relative humidity of the storage room, and 
equipment electrical energy requirements. In addi 
tion, the effect of various jacket fan speeds on ‘‘ freezer 
recovery’’ time due to air infiltration caused by per 
sonnel usage was studied. Results show that relative 
humidities of 92 to 95° ean be obtained at compara- 
tively low rates of jacket air flow, provided storage 
room temperatures are kept within + 0.5° F. Larger 
temperature fluctuations of + 2.5° F. decrease room 
relative humidity and necessitate increased rates of 
jacket air flow in order to accomplish the required 
refrigeration effect. Equipment electrical energy re 
quirements vary with room temperature and jacket 
air flow and are estimated to be 20-22% higher than 
those of a conventional type freezer under optimum 
operating cor ditions Recovers time due to personnel 
usage increases with reduction in jacket air flow. In 
the application of a jecketed cold-storage room, par 
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ticularly a small room of the size of the test room, 
every effort should be made to keep load conditions as 
constant as possible in order to maintain a high rela- 
tive humidity, low rate of jacket air flow, and low cost 
of operating the equipment. 

rozen-storage tests also were conducted to deter- 
mine the comparative keeping quality of samples of 
shrimp, haddock fillet blocks, haddock fish sticks, and 
albacore tuna stored at a high relative humidity in 
the jacketed freezer and in conventional type cold- 
storage rooms using overhead plate or finned-pipe-coil 
evaporators. Results show that samples stored in a 
jacketed freezer undergo considerably less dehydra- 
tion, as evidenced by weight measurements, than do 
similar samples stored in a conventional-type cold- 
storage room. The taste panel could not find signifi- 
cant differences in the quality of the cooked samples, 
however, as determined by flavor, odor, appearance, 
and texture that could be attributed to the method of 


storage employ ed 
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Low-Moisture, Red Sour Pitted Cherries: 


(Manuscript received May 31, 1958) 


A PROCEDURE HAS BEEN DEVELOPED 
for preparing dried Montmorency cherries that pos- 
sess good quality and high stability. The process 
consists essentially of preparing sulfited, individually 
quick-frozen cherries, drying under vacuum to below 
1% moisture, and packaging the product under vac- 
uum. 

Joyee (11) has published on the preparation of 
various vacuum-dried fruits. Moisture contents of 
his products were 4 to 5%, and packaging was in 
nitrogen gas. Sulfite was omitted except for a low 
concentration in apples, plums, and peaches. Storage 
life was reported as around 5 months at 37° C. 

Various fruit powders and tomato powder have 
been reported by the Western Utilization Research 
and Development Division to be desirable products 
with high stability (4, 12, 16, 17, 18, 21). Vaeuum- 
dried peaches have been described by Bean, Schultz, 
and Downes (3), and by Chichester (4). Vacuum- 
dried meats containing around 10% moisture have 
been produced by Tappel et al. (23). A low level of 
volatile flavor intensity has been reported in red sour 
cherries by Nelson and Curl (15). A recent general 
review on vacuum drying of foods has been prepared 
by Harper and Tappel (7). 

Use of in-package desiccation has been discussed 
in detail by Talburt, Hendel, and Legault (22). Re- 
duction of oxygen in packages to enhance storage 
stability has been reported by various groups, includ- 
ing the Low-Temperature Station at Cambridge (24), 
the Continental Can Company (5), and the Western 
Utilization Research and Development Division (9). 

Abelow and Flosdorf (7) have recently reported 
upon the effects of using blackened surfaces and of 
using ribbed aluminum trays to increase drying rates, 
They divide drying into two stages: (a) high-mois- 
ture, moderate-vacuum freeze-drying, and (b) low- 
moisture, high-vacuum finishing. Jackson, Rickter, 
and Chichester (/0) have proposed heating by con- 
duction, infra-red, and dielectric methods. A recent 
report (2) includes results obtained by D. A. Copson 
on dielectric heating. The ‘‘vacuum contact-plate’ 
method has been described by Hay (8) and was used 
by Joyee (11). 


PROCEDURE 


Raw material. Fresh Montmoreney cherries were obtained 
from Washington (1955 and 1956), Michigan (1957), and New 
York (1957). The cherries were soaked several hours in cold 


* Presented at the Sixteenth Annual Meeting of the Institute 
of Food Technologists, St. Louis, Mo., June 12, 1956, 

* Western Utilization Research and Development Division, 
Agricultural Research Service, U. 8S. Department of Agriculture. 
water, sorted, and mechanically pitted as in commercial opera- 
tions. 

Antioxidant treatment. The pre-freezing treatment generally 
employed was a sulfite dip which consisted of dipping pitted 
cherries one minute in a 1% solution of sulfur dioxide (made 


. J. Powers, R. Jackson, 
P. W. Kilpatrick, J. E. Brekke 
and D. W. Sanshuck 


Western Regional Research Labora 
tory,” Albany, California 


by dissolving 1.7% of potassium metabisulfite in 1° citric 
Another treatment was a 3-minute dip in a 
solution containing 1% each of ascorbie acid, citrie acid, and 


acid solution). 


sodium chloride. 

Treated cherries were spread in a single layer on wire-mesh 
trays and frozen in blast freezers. The frozen cherries were 
packed into 30-lb. friction-top fruit cans (22 Ibs, net wt.) and 
stored at 10° F. 

Drying. Individually quick-frozen cherries were rapidly 
loaded on stainless-steel drying trays (12 * 36 * 1% inches 
at room temperature in a single compact layer with a loading 
density of around 2 Ibs. per sq. ft. 

Loaded trays were placed on the shelves of a 60-cu.-ft. vac 
uum shelf drier, Vacuum was applied by a 3-stage steam 
ejector, which would reduce pressure to well below 3 mm. in 
about 5 minutes; a booster-ejector was available which could 
reduce the pressure to 1.0 mm. in about ‘4 minute to accom 
modate rapid evacuation after weighing or sampling. During 
drying, the pressure could be further decreased to 0.5 mm. over 
a 3-hour period. Operating pressures within the drier were 
controlled and recorded by a commercial absolute-pressure 
controller with a sealed, evacuated, capsule-type diaphragm 
against which the controller mechanism operated. The pressure 
controller was frequently checked against two Stokes-MeLeod 
gauges. 

Loading and air-evacuating operations were readily per 
formed by 2 operators with no appreciable thawing of the 
fruit. Drier shelves were then heated (140°, 160°, or 200° F 
by circulation of hot water. Temperatures of the shelves and 
of the fruit were measured by thermocouples of 30-gauge wire 
attached to suitable strip-chart recorders. 

Packaging. The dried cherries were detrayed, mixed, and 
filed into No. 2 cans in a low-humidity (50 RH at 70° F 
room. Cans were vacuum-sealed immediately in a commercia! 
single-head vacuum closing machine. Packs employing the 
lowest pressure (6 mm.) were checked by means of a Dubrovin 
gauge on the closing machine. At lower vacuums a common 
Bourdon-tube gauge was used. Can seams were carefully cheeked 
before and after each bateh was processed. In-package desic 
cants consisted of sealed, stretchable paper bags, each econ 
taining 10 g. of ealeined lime 


Experimental samples of cherries being removed from 
vacuum shelf dryer. 


In preparation for packaging, the cherries were first cooled 
in the drier (generally to below 90° F. in 30 minutes) to make 
them firm before the vacuum was broken. The product was 
removed, mixed, and dispensed at 65 grams per can. Produet 
variables included moisture content (0.59%, 0.8%, and 3.0% 
Packaging variables included air pressure in the can (6 mm., 
76 mm., and 380 mm.) and the use of in-package desiccants 
for selected lots (with the net weight of cherries then reduced 
to 55 g.). 
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LOW-MOISTURE, RED SOUR PITTED CHERRIES. I 


Dehydrofrozen cherries. In an attempt to decrease the time 

of vacuum drying, some dehydrofrozen cherries were prepared, 
Fresh pitted cherries were dipped for one minute in 1% SO: 
from sodium metabisulfite) and 1% citrie acid. They were 
dried at around 190° F, dry bulb and 115° F. wet bulb to 
50% of original weight in about 90 minutes. The cherries 
from the drier were of orange-red color and «attractive appear 
anes These partially dried cherries were then individually 
juick-frozen, Subsequently they were vacuum-dried at 140° F 
and 0.5 mm pressure, 

Moisture and SO... Moisture contents down through the 4.0% 
level were determined by weighing trayloads of dried cherries 
ind noting loss in weight as loss of moisture. Below the 4.0% 
sereen and 


level the cherries were powdered to pass ; 
the moisture was determined by the Karl Fischer method as 
modified by MeComb and Wright (74). The Karl Fischer 
method was adopted after comparisons with the vacuum-oven 
method indicated the titration procedure to be much more 
necurate, Sulfur dioxide was assayed by the gravimetric method 


of Monier-Williams (79) and by the method of Ponting and 


Johnson ), both of which were found to be satisfactory. 
Moisture equilibria of the dried cherries (as 40-mesh powder 
were determined with the apparatus of Legault, Makower, 


and Talburt 


RESULTS 


Operation variables. The cherries could be dried at a con 


ant plate temperature of 140° F. without 


‘burning.’’ At 
this temperature and at 0.5 mm, pressure the time required to 
reach 2 to 4% moisture end of evaporative cooling was 
around 10 hours; 1.007 moisture was achieved at 12 hours, 
moisture at around 16 hours, Fruit temperatures 


and moisture contents during drying are shown in Figure 1 


The rate of drying at 0.5 mm, pressure was considerably faster 
than that at 3.0 mn Fig. 1 
T T T 
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Figure 1. Typical cherry temperatures and moisture con- 
tents during drying. 
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Figure 2. Moisture content vs. relative humidity for dried 
cherries (powdered) at equilibrium. 


Drying at a plate temperature of 160° F. and 0.5 mm, pres 
sure to around 0.5 moisture did produce a distinguishable 
burnt flavor as judged on the dried and the rehydrated prod 
its. However, by drying at 200° F. for 5 hours and then 
cooling the plates to F’., 2 to 4 moisture was achieved 
in 7% hours’ tota rving time No burnt flavor was noted 
in these samples by taste panel of 10 people. The rates of 
drying of different lots of ind ck-frozen cherries 
were similar, with cherries of 16° > soluble solids content 
taking only slightly longer than those containing 130 soluble 


solids. 


Moisture content vs. equilibrium relative humidity. The 


equilibrium relative humidities of dried cherries (powdered) 
ire shown in Figure 2, to indicate th oisture levels attain 
able under other drying condition. These can be deduced (25) 
from the formula RH= 100 ‘ partial pressure of the 
water vapor in the driet vapor press of water at operat 


ing temperature 
Product characteristics. The dried pie cherries (0.8% mois 


ture) were a deep red color, somewhat shriveled and wrinkled, 
almost odorless, firn nd brittle at room temperature, and 
were ‘‘erunchy’’ and rich-flavored when eaten. Varying with 


initial total solids, the cherries were around one-sixth to one 


seventh of their origi weight | size of pleces Was some 
what larger when the fruit was dri t 0.5 mm. than when 


dried at 3.0 mm, The onstituted readily to 
pie filling by heating with about 6 or more parts by weight 
of 20° Brix sirup. The color on reconstitution was an attrac- 


tive red. By means of the Hunter Color and Color Difference 


Meter they were compare with a Gardner color tile (L 24.4; 
a 15.7; b 4.3 Resulting ‘‘a’’ values of the cherries were 
around 24. The color of the frozen cherries, prior to drying, 


was a light orange-red, presumably because of some reversible 


deeolorization by sulfite 
The sulfite content of cherries from Washington prepared 
with the 1.0% SOs and eitrie acid dip was as follows: 

400 p.p.m, 
2,000 p.p.m, 
1,600 p.p.m, 

40 p.p.m. 


1.Q.F. cherries, prior to drying 
Freshly dried cherries 

Dried cherries after 6 months at 100° F, 
Freshly rehydrated, by stewing before baking 
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In order to achieve these sulfite levels, it has been found neces- 
sary to raise the concentration of the sulfite solution to above 
1.0% for some lots of fruit. 


DISCUSSION 

Solid-pack and sirup-pack pie cherries were used 
in preliminary trials on vacuum drying. When a 
small lot of solid-pack cherries was thawed, the weight 
loss as juice was around 30%. Use of individually 
quick-frozen cherries overcame this defect. There 
was, however, the usual loss of cherry juice in the 
initial pitting operation. This juice is normally saved 
and might be used for other purposes. 

The bulk density of the packed dried cherries can 
be increased by packaging while warm and thermo- 
plastic. Although a 3-fold increase in density can 
be attained, the product thus packed was difficult to 
handle. Cherries packed at 130 g. per No. 2 ean 
(twice usual bulk density) were much more readily 
removed from the package, broken into small clusters, 
and rehydrated. The 2-fold compression does result 
in a slight loss in size on rehydration, as compared 
with the firm, smooth-skinned rehydrated cherries 
which have not been subjected to compression. 

A further review of the methods and conditions of 
drying used here has revealed some interesting rela- 
tionships. The data below were compared with drying 
experiments in which 6 to 18 lbs. of pitted cherries 
were dried at 140° F. and 0.5 mm. pressure. Under 
those conditions, the product comes to plate tempera- 
ture in around 10 hours, at ~yhich time the moisture 
level is in the range of 2 to 4%. 

Effect of pre-drying. By prior atmospherie drying 
to 50% of the original weight, the time to the end of 
evaporative cooling was reduced to about 7 hours. 

Effect of surface contacts. There is the possibility 
of drying directly on the heated metal surface, thus 
avoiding the non-uniform heat transfer from plate 
to tray caused by uneven and warped metal surfaces. 
When frozen cherries were dried directly on the drier 
plates, the time to reach plute temperature was re- 
duced to around 7 hours. 

Effect of radiant heat (blackened surfaces). When 
the bottom sides of the plates were repainted from 
bright aluminum paint to a black color by a Nitrose 
coating, it was noted on subsequent runs that the 
drying time was reduced to around 9 hours. When 
the trays were placed on corks, so that radiant heat 
only was used, a drying time of around 15 hours was 
noted, thus demonstrating that radiant heat alone 
could be effective in drying. It may be recalled that 
rates of emissivity and absorption are functions of 
each particular surface and of absolute temperature 
to the fourth power (25). 

Effect of metal in tray. Samples were dried on 
0.065-inch, type 316 stainless-steel trays and on 0.25- 
inch 24ST aluminum trays. Ten hours were required 
to reach plate temperature with the stainless-steel 
trays and about 9% hours with the aluminum trays. 
Blackening the bottoms of the trays reduced the 
drying time by a half hour in the case of the aluminum 
trays, but less of a reduction in drying time was noted 
with the steel trays. 
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Effect of vacuum. Although a decrease in absolute 
pressure, as from 3.0 to 0.5 mm., will save about 2 
hours to the 2 to 4% moisture level (Fig. 1) the time 
saved becomes much greater at lower moisture levels 
It would appear, from the standpoint of operating 
costs to be desirable to use relatively higher pres 
sures in the early steps, followed by lower pressures 
in the finishing steps. 

The ingoing moisture load may influence the vac 
uum attainable. For example, small loads (12 Ibs. 
of cherries reached plate temperatures in about 10 
hours, while larger loads (125 Ibs.) took around 12 
hours. This appeared to be correlated with the ca 
pacity of the 3-stage steam-ejector employed. 

Storage stability of the products will be discusse! 
in a forthcoming paper. Basie engineering studies 
on variables in freeze drying are also under way and 
will be reported. 


SUMMARY 


Low-moisture cherry pie stock was prepared from 
frozen pitted Montmoreney cherries. Fresh pitted 
cherries were sulfited, frozen on trays, and stored in 
eans at —10° F. Subsequently, the frozen fruit was 
spread uniformly on trays and dried in a vacuum 
shelf drier at 0.5 mm. pressure and 140° F. A prod 
uct moisture content of below 1% was readily attained 
Vacuum packaging protected the product from oxy 
gen. The dried fruit was readily converted into pies 
in which the cherries had bright, red, smooth skins, 
and a desirable cherry flavor. 
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Give a PLUS 


your product 


Brighter Appearance: Better Texture and Consistency Finer 
and Fresher Flavor with EXCHANGE Products from Citrus 


Exchange Pure California Lemon Juice 


Lemon juice is nature’s most effective 
anti-oxidant. It contains many organic 
reductants, including as¢ orbic acid and 
a rather broad group of phenolic anti- 
oxidants which fall under the classifica- 
tion of flavonoids, sulphydryl-like 
compounds and possibly flavonols, 
which act synergistically to give lemon 
juice its remarkable anti-oxidant prop- 
erties. It discourages the growth of 
microorganisms, retards enzymatic 
action, prevents oxidative browning, 
reduces the pH of low acid foods and 
actually possesses the ability to en- 
hance natural food flavor in many foods 
such as the natural peac h flavor in 
freestone peaches. It is prepared by 
Sunkist Growers especially for industry 
use in baby foods, low acid fruits and 
vegetables, canned and frozen fruits, 
fruit juices and nectars, mayonnaise 
and salad dressings, sea foods in all 
forms, cured meats and wherever a 
problem of appearance or perishable 
flavor exists. 


Exchange Citrus Pectin— 

Slow Set and Rapid Set 

There is one tailored to your special 
need. They are used by more American 
preservers, confectioners, and food 
»xrocessors than all other brands com- 
bined. Guaranteed by Sunkist.* 


Exchange Low Methoxy! Pectin— 

Pectin L. M. 

The only pectin that forms a true jell 
without sugar. It is the exclusive choice 
for aspics, jellied fruit and vegetable 
salads, low calorie jams, and dietetic 
fruit jells. Guaranteed by Sunkist.* 


Exchange Pure California Orange Juice 


Gives your product more of the true 
fruit characteristics— because it is made 
from California oranges, known for 
their richer content of ascorbic acid 
amino acids, poly saccharide comple xes, 
B complex factors, carotene ( pro-vita- 
min A), and aromatic flavor com- 
pounds, Prepared especially for the 
food and beverage industry, Guaran- 
teed by Sunkist.* 


Exchange Frozen Lemon Puree 
and Exchange Frozen Orange Puree 


Both purees of whole lemons and 
oranges (seeds removed ) are standard- 
ized in juice acidity, sugar content and 
flavor. Purees give a like-fresh tangy 
taste to food recipes and beverage 
formulas. Guaranteed by Sunkist.* 


Exchange Lemon Oil, U. S. P.— 
California Cold Pressed 


Because of its clarity, uniformity and 
flavor intensity, it is the 10 to 1 choice 
over all other lemon oils sold in Amer- 
ica. Never needs pre-testing when 
received in EXCHANGE-sealed con- 
tainers. Guaranteed by Sunkist.* 


Exchange Orange Oil, U. S. P.— 
California Cold Pressed 


For true aromatic flavor, full color in- 
tensity and pure California flavor 
strength, EXCHANGE brand is the 
orange oil standard of the world. Guar- 
anteed by Sunkist.* 


* Guaranteed by Sunkist 

EXCHANGE brand citrus products are 
produced and guaranteed by Sunkist 
Growers, Inc., representing the world’s 
largest supplies of lemons and rich 
California oranges. 

Every EXCHANGE brand product 
is made in our own ultramodern plants 
to the highest standards of purity, qual- 
ity and uniformity. 

If ya would like information on how 
Sunkist Research may help you to im- 
prove one of your products, write to: 


Section “0” 


Sunkist Growers 


INDUSTRY SALES DIVISION 
720 East Sunkist 
Ontario, California 
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What can you learn from 
a Quaker cereal sample? 


You'll see a finished product of the highest qual- 
ity in any one of the standard cereal products 
listed below, or from products tailored to your 
own specific requirements. But this is only half 
of the story, because doing business with Quaker 
offers many other hidden advantages: 


1. The quality in a Quaker cereal sample is not 
just for “‘sampling’’ purposes. It represents 
standard mill run, and Quaker’s outstanding 
quality control means that sack after sack, or 
carload after carload, you can always depend 
on the same conformity to specified standards. 


2. Quaker can sample you in all varieties of 
grains— because Quaker mills all types. And for 
this same reason Quaker is in an exceptionally 


QUAKER 


FARINA 


@ Wheat Products 
INDUSTRIAL FLOURS 


© Pre-Mixing Services 
AVAILABLE (to your specs) 


@ Rice Products 
FLOURS 


good position to give you helpful and unbiased 
advice on the types and grades of milled prod- 
ucts for your particular needs. 


3. Quaker’s milling is backed by the finest 
technical research in the newest and most mod- 
ern laboratory in the milling industry. Here 
Quaker customers can benefit from the appli- 
cation of the latest techniques to their own 
specific problems. 


Whatever your processing problem, it will pay 
you to get better acquainted with Quaker prod- 
ucts. For samples of cereals in which you are 
interested, write or phone The Quaker Oats 
Company, Industrial Sales Department, Mer- 
chandise Mart, Chicago 54, Illinois. 


Quaker Standard Dry Milled items 


@ Oat Products 
OATMEALS 


@ Barley Products 
PEARLED BARLEY) 7 sieve sizes 


BARLEY FLOURS (including one 
in which the enzymes have been 
inactivated) 


@ Corn Products 
(all electrostatically cleaned then 
water washed before milling) 
White & Yellow 
White & Yellow 
White & Yellow 


6 sieve sizes 
11 flake sizes 
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apple juice powder (Submitted to Food Technology 


Volatile flaver and fixed 


of Apple 


Tm COMPONENTS IN APPLES re 
sponsible for their volatile flavor have been reported 
(3, 4, 8) as being aleohols, aldehydes and ketones and 
esters of formic, acetic, propionic, butyrie and cvaproic 
acids. During the manufacture of apple sauce some 
of these volatile compounds are lost in the cooking 
and filling operation resulting in a lack of flavor in 
the sauce. Buch ef al. (1) recommended the addition 
of apple essence to the sauce, in order to replenish the 
lost flavor. This practice markedly improves con 
sumer acceptance 

In addition to the 
apple sauce, upon storage, develops a flavor and an 


flavor lost during processing, 


aroma which are disliked by the consumer (7). While 
the present authors were attempting to define chemi 
cally the flavor of apple sauce, they encountered these 
objectionable flavor-odor qualities, which may be de- 
scribed as ‘‘rank’’ or ‘‘tinny.’’ Without question, this 
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rank, tinny flavor and aroma lmpairs the quality of 


apple sauce 

In this report, data are presented which establish 
the identity of the rank volatile flavor as n-eaproie 
acid. It also describes caproie acid formation in stored 


apple sauce 


MATERIALS AND METHODS 


Source of apple sauce. Iresl d apple sauce samples 
were procured from t co ere pie sauce processors in 
New York State s es ere stored for one year at room 
temperature 15-35" ( prior to analyses. During this storage 
period, a rank flavor veloped These samples were used to 
isolate and identify the rank flavor component and also for 
flavor panel evaluation. Additior sauces were prepared from 


studies. These 


Baldwin apples fo 


ipples were processed in the pilot p ising a continuous line 


to simulate the average commercia yperation in New York 


Stat 


I-o'aticn of the volatile acid for identification. One hundred 


grams of apple seuec th 50 ml. boiled distilled water were 
steam distilled at the rate of 5 n ! The steam generator 
consisted of a three-necked, 500 ml. flask fitted with an internal 


coil of nierome wire mmersed in boiled distilled water. <A 
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Friedrich condenser and ice bath served to collect the distillate. 

Approximately 200 ml. of distillate was collected. The pH 
of the distillate was adjusted to 8.30 with N/10 sodium hydrox- 
ide, and the resulting solution concentrated to 2-3 ml. by means 
of a ‘*Roto-Vae’’ Film Evaporator. The sodium salt of the 
acid remained; the other volatiles co-distilled with the removal 
of the water. 

Identification of the rank, volatile component of apple sauce. 
The component of the rank, volatile flavor was identified by 
vapor phase, paper (5), and silicie acid (6) chromatography, 
the neutralization equivalent, and the melting points (uncor- 
rected) of the analide and p-bromo-phenacyl ester derivatives 
of the volatile acid from apple sauce. 

Routine analysis of caproic acid in apple sauce. Since the 
volatile acidity of the apple sauces was predominately caproic 
acid, titration of the steam distillate offered an efficient routine 
method for the analysis of the eaproic acid content of apple 
sauces, Distilling at a rate of 5 ml./min.,:it was found that 
the distillation was complete upon collecting 200 ml. distillate. 
Furthermore, the precision of the steam distillation was found 
to be adequate for the estimation of the eaproic acid content of 
apple sauces. A series of sauces varying in eaproie acid con- 
tent between 1.5-12 mg./100 g. sauce were analyzed in dupli 
eate. The standard deviation of the difference was calculated 
to be +0.20 mg./100 g. The standard deviation of the mean 
difference was 0.063 mg./100 g. sauce. 

Flavor analysis. Correlation of the rank odor of apple sauce 
with eaproie acid was tested by submitting sauces naturally 
containing various concentrations of this acid to a panel of 16 
members, and having the panel score the intensity of the rank 
flavor by using a seoring system of 0-10 where a seore of zero 
indicated the least flavor, and a seore of 10, the greatest flavor. 
The causal relation between caproie acid and the rank odor of 
the sauce was established by adding eaproie acid to a mild 
flavored sauce and submitting it to the flavor panel for evalu 
ation using the Triangle-Intensity Test of Davis and Han 


son (2). 


RESULTS 


Identification of the rank odor of apple sauce. Steam dis 
tillation for one hour at the rate of 5 mil. distillate/min. en 
tirely removed the rank, musty odor and flavor of samples of 
the stored, canned apple sauce. Neutralization of the steam 
distillate with N/100 sodium hydroxide destroyed the rank 
odor. Moreover, the titration curve suggested the presence of 
a weak acid, since the equivalence point was at pH 8.2. Vapor 
phase chromatography (carbowax column) suggested the acid 
to have a rank odor resembling the aroma emitted by the fatty 
acids between C, and Cy. Resolution could not be attained 
using this method of separation due to large quantities of 
water; however, the aroma evolved was highly characteristic. 
Silicie acid chromatography (6) showed only one acid to be 
present in significant concentration. The effluent volume pat 
tern obtained with the silicic acid column agreed well with 
that of known ecaproic and acetic acids. Table 1 shows that 
the proportion of the two acids is fairly constant in several 
sauces of varying varietal composition. Data illustrated in 
Table 2 establish the identity of the volatile acid in highest 
concentration as n-caproie acid. 

Flavor evaluation. Analyses of a number of apple sauces 
showed that the coneentration of ecaproie acid ranged from 


TABLE 1 
Mol per cent of the volatile acids found in various apple sauces 


Mol per cent 
Type of apple sauce 


Acid I Acid II 
Blend! eaves 96.2 3.8 
Blend? 94.9 5.1 
Baldwin 97.5 2.5 
McIntosh 94.5 5.5 


' Blend consisted of Khode Island Greening, Baldwin, Ben Davis, 
Northern Spy and Wealthy 
2 Blend consisted of Baldwin, Cortland and Rome Beauty 
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0-12 mg./100 g. sauce (0-120 p.p.m.). Figure 1 shows that the 
increasing rank aroma or flavor correlates well with average 


flavor panel seores. Figure 2 shows that flavor differences in 


TABLE 2 


Comparison of the observed constants of the major volatile acid 
of apple sauce and the reported constants for n-caproic acid 


| } 
aper 
Analide | phenacyl chroma 
Acid zation 
(m.p.) eater tography 
equivalent R 
(m.p.) te 
n-Caproik 72 116 0.64 
Volatile acid from apple 
sauce 92-903 70-72 115 0.63 


‘Using the butanol phase of n-butanol saturated with 1.5 N am 
monium hydroxide 
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AVERAGE PANEL SCORE 


.¢) 2 4 6 8 10 
CAPROIC ACID, MG./100G APPLE SAUCE 


Figure 1. The relation between panel scores of “rank” flavor 
and the caproic acid concentration of apple sauces. 
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Figure 2. The effect of caproic acid, added to apple sauce, 
upon the triangle-intensity score. 
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apple sauces may be caused when the concentration of eaproie 
acid differs by only about 5 p.p.m. eaproic acid, or 0.5 mg. 
100 g. sauce. From these data, coupled with the observation 
that neutralization of the steam distillates of apple sauce de 
stroys the rank flavor, we have concluded that caproie acid is 
largely responsible for the rank flavor of apple sauces. 
Formation of caproic acid during storage of apple sauce. 
Caproie acid is not present in raw apples or freshly processed 
apple saues The formation of caproie acid in stored apple 
sauce is shown in Figure The apple sauce was made from 
the variety Baldwin and stored at room temperature (20° C. 
Detectable concentrations of eaproie acid were formed in the 
snuee after only about 8 weeks’ storage, and continued storage 


markedly inereased the content of ecaproie acid. 


Y=O20X 089 -) 


X= 3.89Y + 6.49 ( 


10 15 20 
STORAGE TIME, WEEKS 


Figure 3. The formation of caproic acid upon storage of 
apple sauce. 


DISCUSSION 


The volatile acidity of apple sauce was used as the 
actual measure of caproie acid. Results obtained by 
this method showed vers good precision, but would 
tend to be slightly high This bias is due to the 
approximate 20:1 molar ratio of caproic acid and 
acetic acid, If an exact measure of caproic acid was 
required, then either silicic acid chromatography or 
approximately 95° of the titratable volatile acidity 
would give a more accurate value. 

n-Caproie acid is classified as one of the “‘goaty’’ 
acids which are responsible for the hydrolytic rancid 
flavor of butterfat. Its odor and taste are not con- 
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Although the flavor panel could 
detect a concentration of caproice acid of about 0.5 


sidered pleasant 


mg./100 g. sauce, concentrations up to 3 mg. were 
not considered objectionable by the majority of the 
panel At a concentration of 8 mg./100 g. apple sauce, 
however, the caproic acid was objectionable to the 
Assuming that the rate of 


caproic acid formation is linear up to about one year, 


majority of the panel 


concentrations objectionable to the majority of our 
panel would be obtained in about 40 weeks. 

The souree of caproic acid in apple sauce is not 
known. White (8) found that esters of caproie acid 
are components of apple essence, but the concentra- 
tions of these esters are too low to explain the amount 
of eaproie acid found in apple sauce. On the theory 
that caproie acid might arise from the reaction be- 
tween lysine and carbonyl components of the sauce, 
lvsine was refluxed with dextrose until a slight brown 
color developed. The typical odor of caproie acid 
could not be detected in this reaction mixture. 


SUMMARY 
The major steam distillable acid of apple sauce has 
been isolated and identified as n-caproic acid. When 
this acid was added to a relatively bland apple sauce, 
a taste panel could detect differences of 0.5 mg. 
100 g. apple sauce. Concentrations of the aeid up to 
3 mg./100 ¢ apple sauce were not considered objee- 
tionable by the panel; however, concentrations higher 
than 8 mg./100 ge. sauce were evaluated as being very 
objectionable 

Samples ol appl Varying i caproie acid con- 
centrations were subjected to a taste panel ; Good 
correlation (P = 0.01) between the average score as- 
signed by the panel and the n-caproie acid content of 
the sauce was obtamed 

Storage appears to affect the coneentration of this 
acid markedly. A steady increase in caproie acid was 
noted with time 
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The Influence of Short Term High Temperature Storage 
With and Without Oxygen Scavenger on the 
Acceptability of Precooked Irradiated Meat** 


Manuscript received April 26, 1958) 


M. IST IRRADIATED MEATS have been 
subjected to radiation as fresh or frozen products 
(1,4,6,7,8,9), but little information is available re- 
garding the effect of irradiating precooked meat items. 
A number of workers (3,5) have reported that radia- 
tion at levels ordinarily used for sterilization does not 
result in the inactivation of enzymes. This would 
suggest that enzymatic breakdown continues during 
storage of irradiated raw meat items. Consequently, 
cooking prior to radiation would appear to be a logical 
approach in prevention of enzymatic deterioration 
during storage. However, Schultz, Cain, Norden and 
Morgan (10) have reported partial or complete cook- 
ing prior to radiation may actually intensify unde- 
sirable flavors, but have not studied the influence 
of subsequent storage upon acceptability. The effect 
of intermittent radiations and concomitant increases 
in temperature upon acceptability of ground beef has 
indicated (4) that irradiation flavor was dose-depend- 
ent but independent of temperature. Again, the 
effects upon flavor following storage were not studied. 

Although informal observations have indicated some 
improvement in flavor during storage of precooked 
irradiated meats, controlled studies are not available. 
Similarly, information is not available in the literature 
on the role of oxygen in development of off-flavors 
during radiation, and the diversity of opinion is ap- 


parent upon examination of processing procedures in 


use by various research groups (2, 6,8, 9, 10). 
Consequently, this study was undertaken to deter- 
mine the effects of short term high temperature stor- 
age with and without oxygen seavenger upon the 
acceptability of precooked irradiated meat products. 


EXPERIMENTAL PROCEDURE 


Studies on beef roasts. The Longissimus dorsi muscle was 
stripped from paired U. 8S. Choice wholesale beef ribs. Roasts 
were eut to fit a No. 2 can and packed in polymylar bags, which 
were placed in the cans. The unsealed roasts in the cans were 
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placed in an electric oven at 300° F. and roasted to an internal 
temperature of 160° F. When the internal temperature was 
reached, roasts were removed from the oven and cooled. The 
oxygen seavenger (glucose oxidase) was added to one-half of 
the roasts by placing a packet containing the dry enzymy 
preparation in the polymylar bags, and 2ml. of 0.2 molar sodium 
acetate-acetic acid buffer at pH 5.0 was injected into the packet 
to activate the enzyme. The polymylar bags were heat sealed 
immediately and the eans were sealed under 2S inches of 
vacuum. The remaining roasts were treated the same, except 
that oxygen seavenger and buffer were not added All cans 
were stored at 36° F. until removed for radiation or sampling 

In order to test possible differences in response due to varia 
tion between different eattle, one unirradiated roast was held 
at 36° F. and used as a control against an irradiated roast from 
the same eareass. Roasts were taken to the Fission Products 
Laboratory at the University of Michigan and radiated with 
« Cobalt-60 source at a level of 2.79 megarads. Approximately 
5 to 6 hours were required to achieve the irradiation level. As 
soon as the roasts were radiated to the desired dosage, they 
were returned to our laboratories, 

Roasts were then allotted for storage at periods of 0, 1, 5, 
10, 20 and 30 days at a temperature of either 100° F. or 125° F 
The arrangement was such that all roasts at the same storage 
period were from the same animal. Furthermore, at the end of 
each storage period samples were removed by pairs, with one 
containing oxygen seavenger and the other with no oxygen 
scavenger. At 0 days, all samples were paired so each judge 
received an irradiated sample and its corresponding contro 
Thus, the study was designed to determine whether all catth 
responded to irradiation in the same manner. 

Prior to submitting the samples to the taste panel, several 
small cores were removed from the various sections of each can 
and subjected to bacteriological and toxicity tests. After rea 
sonable freedom from toxins and bacteria was assured, samples 
were released for panel testing. Clearance for evaluation by 
the panel usually required 3 days, although on occasions, up 
to 5 days elapsed prior to release. While clearance was pending, 
samples were held under refrigeration at 37-40 F. Samples to 
be submitted to the taste panel were opened and heated for 
50 minutes in an electric oven at 300° F. Then the meat was 
sliced into small samples for the panel. All samples were coded 
and the panels were arranged so that 18 judgments were made 
on each item, with each judge receiving a maximum of 6 
samples. Although no attempt was made to obtain the same 
judges at different sittings, a considerable number participated 
in different panels. 

Studies on pork chops. Boneless pork loins were cut into 
%-inch thick chops. The chops were then deep fat fried in lard 
at 280° F. to an internal temperature of 180° F. and placed in 
polymylar bags. The bags were put in cans, allotted into groups 
and either treated with oxygen seavenger or used as untreated 
controls. The bags and cans were sealed as previously deseribed 
for beef roasts. All cans were radiated at 2.79 megarads, 
except those used as unirradiated controls, After radiation, 
the cans containing the chops were allotted for storage at 
periods of 0, 2, 5, 10, 20, and 30 days, Otherwise the experi 


ti 
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te 


OXYGEN SCAVENGER USED WITH 


mental design was the same as for beef. Thus, comparisons 
were made between temperatures, between storage periods and 
between the effects of using or not using oxygen scavenger. 
Studies with roast chicken. Roasting chickens were boned 
and approximately equal portions of light and dark meat from 
the same bird were packed in each polymylar bag and ean. The 
meat was then roasted to an internal temperature of 175° F. in 
an eleetric oven held at 300° F. In this study, no oxygen seaven 
ger was used. Storage was at 36° F., 76° F., 100 F. or 150° F. 
for 0 days, 24, 48, 72 or 96 hours Other vise, the roast chicken 
was handled the same as the beef 
Studies on veal roasts. Veal shoulder clods were cut into 
d in polymylar bags and eans, then roasted in a 
100° F. eleetrie oven t in internal temperature of 170° F. 
Temperatures of storage were 76° F., 100° F, and 125 F. with 


storage periods of 0, 2, 5, 10, ind 30 days. The experiment 
was identical to that used for the beef except that the cans were 
assigned different groups by the use of random numbers. 
Thus, the variables under study were temperature of storage, 


length of storage and adding or not adding oxygen seavenger. 


RESULTS 


Beef roasts. summary of the differences of radiation and 
es between eattle is presented in 

from the data shown that the control 

P than the radiated 

oxygen scavenger was used, 


ndividual irradiated samples were 


TABLE 1 


The influence of irradiation and oxygen scavenger upon 
mean panel scores of roasts from different cattle 


Irradiated 


nirradiated Wit Without 
control oxy en 4 


scavenger 


nt hedoni 


treatments 


ernetions showed that roasts from all 
manner to treatments, as the inter 
different Although cattle varia 

in this study, the similarity 

de, origin a eatment of these animals prior 
does not preclude variation in response under differ 
of temperature, length of storage an | oxygen 


summarized in Table 2. It is obvious that short 


TABLE 2 
Effect of temperature and length of storage on mean panel 
scores for beef roasts with and without oxygen scavenger 


Temperature of storage* Treatment 


No oxygen 
scavenger 


added 


0 days 
1 day 
» days 


10 days 


aa 


1) days 


O-point hedonic scale 
neludes an equal number of samples 
thout ox en ven for each value 


Values for 0 days under temperature of stor are means for irra 


diated roasts from same att but without storage 


Significant at 5% Sicnificant at 1 
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ods of storage at 100 unprove 


it of panel scores The maxim i ability ¢ 125 F. 
was reached at 10 days, ! pane scores continued to 
decline until the end of \ wever, even after 30 days 

F., the pane | scores | an before storage. 
100° F. storage temperat provement in aceeptabil 
was at a slower rate, a hig score was at 30 days 
rage. However, the 


difference between seores at 20 
and at 30 da 1.36 ndicated the maximum score 


: ) days. Analysis of vari 

a sign ! j racti P <.01 between 
temperature and lengt! s i e the maximum score 
wis reached at 125° F ge, : line in acceptability com 
meneced, whereas at panel res continued to improve, 
resulting in narrowing of the difference and an ultimate rever 
sal in ratings 

Observations indicated t i radual breakdown 
in connective tissue durit rage with a resultant loss of 
product consistency. The ro vo 1 itely fall to pieces 
on removal from the | , tendeney was observed first 
at about 5 days for the and at 10 days for 
the lower temperature 

Results of adding oy en ivengel! are not clear-cut, 
though oxygen seav é lt i i seores for all 
storage periods exeept for 5 d 20 days, when the reverse was 
true, Samples cont g oxygen scaveng vere significantly 
preferred at 1 day ind at avs (P= <.01 
The interaction scavenger Was 
significant (P= the ility of response, 
which is verified by 

Pork chops. Result chops are sum 


arized in Table 3. 7 


rradiated and 
rradiated pork choy er tatistic gnificant. Simi 

the difference ‘ tu storage between 
ige periods id twe e prese! 0 sence of oxygen 


interactions 


nger were 
oxygen 


signi 


However, 


storage 


temperature 
ength o without was 
highly significant 0 : ‘ ‘ wed that the sig 
nificant three-way erable variation 
in individual samples t rage regardless of 
Table 3 


scavenger Was 


Examinat 
ils that 
erred P 

without gel ‘ ‘ ‘ <1 


over the one 


gh temperature 


Roast chicken. i 
storage of irradiate« b im! rize in Table 4. The 
imirradiated control s | ferred <0] over the 
rradiated sample OV mples stored a rr. 
ind over the samplk pred ( 0, 72 and 96 hours. 
In addition, the unir1 referred (P 05) 
over all remaining samy excel rt one stored at 150° F, 
for 48 hours, which d not diff fieantliv. There was no 
significant difference orage irradiated 
sample ind all other for those stored 


at 150° F. for 48 and preferred over the 


0 day sample at the veen temperatures 
of storage were st ( gnifiess <.01), with the 
ligher temperatures product. Exami 
nation of the meat ( nperatu Table 4 verify 
the improvement in pa ) ssociated with the higher 


temperatures. 


Veal roasts. Resu summarized 
in Table 5, At | ge, th inirradiated controls were 
preferred (P < over i l liated samples. After 2 
lays’ storage the 
at 125° F 
stored at 100° F. and 76 ‘at the 1 © levels, respec 

Also at 2 days : , amples stored at 125° F. 
were preferred over the si ) lat 100° F. (P= <.01) 
ind 76° F. (P 
stored at we ited OL) than those stored 
at either 


avenger, which was stored 


Was perferred ov mists with oxygen scavenger 


storage, all samples 


analysis, there was no 


|i 
T 
re 
roy 
However, differences twee) 
net eant 
ul 
ha 
ste . 
sen 
Cattle No eng 
svengcer 
6.60 5.30 5.20 
6.20 5.00 
7.00 “0 4.50 
Mean 6.61°* 5.14 
Mean pat ores based on ecale : 
radiated at Whe acl re 
Difference between meat for trem icnificant at 1% level pre 
Kxaminat 
eattle 
i Ver 
thon was 
im ¢ ré 
to slaughts 
ent eonditi 
The effec 
100° I 125° F scavenger 
vdded 
‘ 6.06 47 
19 6.67 6.56 5.50 
6.56 5.78 6.53** 5.61 
Mean pa 
Temp 
with 
|| 
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TABLE 3 


The effects of irradiation, temperature of storage and length of storage upon panel scores of 
pork chops with and without oxygen scavenger ' 


Treatment? Level of 

irradiation 
Control-O.S. 
Control—-No O.S8, 
Mean—U nirradiated control 
Control-O.S 
Control—No O.8 
Mean—Irradiated control 
100° F.-O.8 
100° F.-No O.8. 
Means—100° F 
125° F.-O.8 
125° F.-No O.8 
Means—125° F. storage 
Means for all added O.S 
Means for all no O.S. 
Means by storage periods 


2.79 x 10° rads 
2.79 x 10° rads 


2.79 x 10* rads 

2.79 x 10° rads 
storage 

2.79 x 10° rads 

79 x 10° rads 


‘Mean panel scores based upon 9-point hedonic scale 
£O.8 oxygen scavenger (glucose oxidase) added 
No OS no oxygen scavenger added. 
At 10 days 100° F. O.S, preferred at 1% level over 100 
At 10 days 125° F. no OLS. preferred at 1% 


storage 


storage 


0 da 


Length of storage 


ys 2 days 5 days 10 days 20 days 30 days 


5.78 


6.15 


5.9 


6.0 


me 


level over all samples except 


» OS 
F. 0.8 


100 


TABLE 4 


Summary of mean panel scores of irradiated roast chicken at different temperatures for short periods of storage’ 


0 days 


U nirradiated 

Irradiated 

76° F. 

100° F 

150° F 
Means 

' Mean panel scores based on 9-point hedonic scale 

at level * Difference significant at 1% 


ne 


* Difference significant 


significant difference between temperatures of storage, length 
of storage periods, and adding or not adding oxygen scavenger. 
None of the interactions significant exeept length of 
storage * temperature, which was significant at the 1% level. 


were 


DISCUSSION 


The data show a distinct difference in the effects of 
irradiation upon the various meat items. This can best 
be shown by comparing the results obtained with beef 
and pork. Although beef roasts developed a marked 
objectionable flavor on irradiation, the scores for ir- 
radiated and unirradiated pork chops did not differ 
significantly. Since the adverse effects of radiation 
were evident with veal (the young bovine) as well as 
with beef (the older bovine) but not with pork, it 
appears that there is a definite species difference. The 
roast chicken was also adversely affected by radiation. 
Thus, indications are that the absence or presence of 
some constituent in pork tissue either prevents or 
masks most of the irradiation flavor. 


The improvement in flavor observed on storage of 
beef appears to be a_funetion of both time and tem- 
perature of storage, since maximum panel scores oc- 


curred sooner at 125° F. than at 100° F. Since the 
roasts were sealed during the entire storage period, it 
is obvious that improvement in score was not associ- 
ated with loss of volatiles. Thus, such flavor improve- 
ment would seem to be concerned with changes due to 
alterations within the product itself. Further sup- 
port for this theory is obtained by examination of the 
data for chicken (Table 4), which shows that the 


24 hrs. 


level 


36 hrs 45 hres 60 hrs 72 hrs 96 hrs 


over those 
the 
As would 


at 150° F. 
stored at lower temperatures. Similarly, 
tendency seemed to occur with veal roasts. 
be expected in view of the fact that radiation did not 
influence scores of pork chops, length and temperature 
of storage did not result in any major change in 


panel preferred roasts stored 


acceptability. 

Although adding oxygen seavenger appeared 
result in some improvement of score in a few instances, 
current findings do not justify its usage. It 
worthy that over-all mean values for beef, pork, and 
veal all favor the added oxygen scavenger, but there 
are a number of exceptions to this when analyzed by 
The reason for the diserepaney 


to 


is note 


storage periods. Is 
not apparent. 

Loss of texture observed on storage was apparent 
with each type of meat, and was most noticeable at 
the higher temperatures of storage. However, the tex 
ture problem also occurred at the lower temperatures 
but required somewhat longer to develop. It seems 
likely that loss of texture observed is due to the break 
down of connective tissue during storage. Thus, it is 
probably associated with a non-enzymatie hydrolysis 
of connective tissue as a result of the temperature 
time-moisture relationship. Such breakdown appears 
to be one of the major problems in storage of precooked 
irradiated meats. 

Although this study was not specifically designed to 
test the effects of radiation upon the polymylar pack 
age, no adverse effects were noted from the standpoint 
of either odor or flavor. Thus, results would tend to 
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after many months the 
shelf, your product looks 


/ For Kelcoloid solves instability 
of your emulsions, suspensions, 
syrups, sauces. 


With Kelcoloid, you produce 
smoother tasting, stable and 
uniform products of superior 
flavor release and natural color. 


body, clean full flavor, and long shelf or processing problem, at your serv- 
life. ice are our highly qualified tech- 


SYRUPS AND TOPPINGS: Kelcoloid nicians, ready to give individual] at- 


EMULSIONS: Kelcoloid proves the 
positive way to solve instability of 
food emulsions. This easy-to-use 


hydrophilic emulsifying colloid im- 
proves consistency, gives smoother 
textured emulsions. Markedly in- 
creases shelf life. 

SUSPENSIONS: With Kelcoloid you 
get maximum suspension of fruit 
pulp, both in concentrated and di- 
luted juice. Kelcoloid improves uni- 


gives syrups and toppings smoother 
taste, desired body, and superior 
flavor release. 

If you make emulsions or suspen- 
sions, sauces or syrups, easy-to-use 
Kelcoloid is worth your immediate 
attention. And, if you have a product 


tention to your problems. Write or 
phone your nearest Kelco regional 
office today. 


YOURS ON REQUEST: Free samples of 
Kelcoloid and Technical Bulletin de- 
scribing properties and applications 
of this unique algin product. 


formity of frozen concentrates and 
diluted juices. 


SAUCES: Kelcoloid produces properly 
stabilized products with optimum 
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The child with his lollipop... the gourmet with his favorite aperitif or cordial... to each 
there is one basic appeal—the appeal of flavor. Thus, be it lollipop or cordial, be it 
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If that’s your goal, you can be sure of the best when you buy from FRITZSCHE. . 
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OXYGEN SCAVENGER 


USED WITH 


PRECOOKED 


TABLE 5 


RADIATED 


MEAT 


The effects of temperature and length of storage upon mean panel scores for irradiated 
roast veal with and without oxygen scavenger 


Level of 
rradiation 


nirradiates 


point hedon scale 
No OLS no 
vere preferred 
it 


vere rated 


indicate that polymylar was relatively stable when 


subjected to radiation at either 1.86 or 2.79 megarads 


SUMMARY 


effects 
upon the 


This study was conducted to ascertain the 
storage 


beef, 
of adding an 


of short term high temperature 


irradiated chicken. 
the effect 


to all items except 


acceptability of precooke | 


pork and veal. In addition, 
oxygen scavenger (glucose oxidase 
chicken was determined 

2.79 x 10° 


no adverse 


Results for precooked meat irradiated at 


rads indicated that: Pork showed little or 


effects from radiation whereas beef, chicken and veal 


were markedly less acceptable 


Acceptability scores for all cooked irradiated meats 
studied with the exception of pork appeared to im 
with storage at or above 


prove room temperature 


Using or not using oxygen seavenger did not sig 


nificantly influence acceptability, but there was a 


trend for added oxygen scavenger to result in higher 


Mean Scores 


A loss of texture, which appeared to be a funetion 


of time and temperature, was apparent on storage 
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Consumer Reaction to Rice Enriched 


With Riboflavin: 


(Monuscript received July 5, 1958 


I, IS MANDATORY that rice sold in 
South Carolina, Puerto Rico, and the Philippines be 
fortified with iron, thiamine, and niacin. The term 
‘‘enriched’’ has been generally applied in the Philip- 
pines to this fortified product ; however, by definition, 
food produets labeled enriched must contain specified 
levels of riboflavin in addition to iron, thiamine, and 
niacin. The proposed definition and standard of 
identity for enriched rice, issued by the Federal Food 
and Drug Administration, provides for a minimum 
of 2 mg. thiamine, 16 mg. niacin, 13 mg. iron (Fe), 
and 1.2 mg. riboflavin per pound (6). However, the 
addition of riboflavin as a requirement has been post- 
poned subject to a future public hearing (2). 


The inclusion of riboflavin in the ‘‘grain type’’ pre- 


mix, of the kind presently used to produce fortified rice 
for Puerto Rico and the Philippines, leads to a charac- 
teristic yellow ‘“‘leopard spotting’’ in the cooked rice 
when it is cooked without stirring (3). This premix is 
being tested in other countries (7, 5). A powdered 
premix containing riboflavin, very similar to that 


used to enrich flour or eorn meal, has heen SUCCeSS- 
fully used to enrich rice (3). The powdered pre- 
mix imparts a uniform faint cream tinge to both 
raw and cooked rice. The question arose as to whether 
the American homemaker would notice or object to 
this light cream color. Experienced rice graders of 
the U.S. Department of Agriculture, working in New 
Orleans, Louisiana, compared samples of plain rice 
with rice that had been enriched to 1.2 mg. of ribo- 
flavin per pound and coneluded that the difference in 
color was so slight that it would seldom, if ever, result 
in lowering the grade (4). However, the consumer's 
reaction to cooked rice which had been uniformly en- 
riched with riboflavin was not known. 

Studies were undertaken for the purpose of com- 
paring enriched rice with fortified rice to determine 
the consumer’s reaction: (1) in retail store sales, (2) 
in panels comparing cooked enriched rice with cooked 
fortified rice under controlled conditions, and (3) in 
homes where the two kinds of rice were cooked and 
served under customary family practices. In this 
paper, enriched rice is rice to which at least 1.2 mg. 
riboflavin, 2.0 mg. of thiamine, 16 mg. niacin and 13 
mg. of iron per pound has been added. Fortified rice 
has had the above ingredients added without the ribo- 
flavin. 


EXPERIMENTAL AND RESULTS 


The enrichment process was earried out under practical mill 
conditions by feeding and mixing the specified amount of the 
powdered enrichment mixture into the stream of riee at the 
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end of the milling and eleaning process. Analysis of the ric: 
for riboflavin content in this laboratory showed that it con 
tained at least the required 1.2 mg. of riboflavin per pound of 
rice, 

Retail store sales tests. Long grain rice which had been 
recently enriched and packaged, and long and short grain ric: 
which had been stored for 3 months in warehouses were used 
The longer storage period was used as a means of testing the 
suggestion that the cream color imparted to the rice by the ribo 
flavin became intensified with time. In both tests the rice was 
packaged in identieal 3-pound transparent cellophane bags 
bearing an established brand name. The only distinguishing 
factor was the light cream color imparted by the enrichment 
mixture containing riboflavin. The cooperation of severa! 
supermarkets in the Coastal Plains and Piedmont areas was 
obtained. The positions of the packages of enriched rice and 
fortified riee were rotated daily to eliminate any influence which 
might have heen exerted by the position of the packages o1 
the shelf, 

In the preliminary tests, in the Coastal Plains, 127 package 
of fortified and 129 packages of enriched rice were sold in the 
ll-«lay experimental period. The results with the stored rics 
are given in Table 1. 


TABLE 1 
Results of sales tests on stored rice 


Number of 3 th. packages sold 


Brand A 


Brand B 
long grain 


long grain 

Enriched Fortified Enriched Fortified Enriched! Fortified 
17 il 

Char'eston 2 ‘7 

Walterboro 


Spartanburg 


Spartanburg 


For the entire period of this test (19-22 days), 567 packages 
of enriched riee were sold compared to 542 packages of fortified 
rice, Store personnel reported that there were no comments or 
complaints from customers in any store. 

Test panels of cooked rice enriched with riboflavin. |’ane! 
members were reeruited from students and staff members of 
Clemson College, 31 from the Coastal Plains, 40 from the Pied 
mont area of South Carolina and 21 from out of the State 

Samples of fortified and enriched long grain rice were 
cooked under the same conditions in a rice steamer, A smal! 
sample of each was served for paired comparison to panelists 
in individual booths. The panel members were told that the 
concern was with appearance rather than texture or flavor 
The following questionnaire was supplied with each paired set 

Two samples of rice are before you. Their appearane 


may be the same or different. 
Are they different? (Cirele one) Yes No 
If different, which do you prefer? 


Of the 92 panel members, 13 were not included in the results 
beeause they indicated differences in both cheek sets where no 
differences existed. It was considered that they were not comp: 
tent judges. 

One group of 48 participants was served the rice under light 
ing conditions which were considered to be comparable to those 


= 
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CONSUMER REACTION TO RICE 


found in the average dining room. For another group of 31, a 
250-watt Mazda lamp was focused directly on the samples, and 
a preference in color was mentioned as one of the characteristics 


specifically to be noted. The results are given in Table 2. 


TABLE 2 
Test panels for cooked enriched and fortified rice 


No color Preferred Preferred 

preference fortified rice enriched rice 
(irdinary lighting 7 206% 
Bright light 63% 4% 


While many panel members found differences between the 
two kinds of rice, they were eoneerned with texture, taste, 
easoning, moistness, flufliness of grains, ete. Since the partici 
pants had been specifically asked to comment on appearance in 

hich eolor should be a major factor, it is evident that differ 
enee in color between the two kinds of riee was not significant 
enough to eause comment for 63-71% of the panel members. 
It would ippear that the brighter light and the specific request 
to observe the samples for color served to emphasize the slight 
color difference for some panelists. Serving the enriched and 
fortifie! samples side by sicle emphasized the slight color 


dilerence 


ENRICHED RICE AND ENRICHED 
PRECOOKED RICE 


Enriched rice acceptance studies in homes. In the 
panel studies, the rice was cooked in a rice steamer 
without washing before cooking or rinsing or draining 
after cooking. Homemakers cook rice in a number of 
different ways with the object of obtaining the fluffy, 
individually-grained product desired in the South. 
The points at which the average homemaker would be 
likely to notice a difference in color between enriched 
rice and fortified rice would be: as she prepares it for 
cooking; as she serves it to her familv; and as she 
hears comments of her family on eating the rice 

Thirty-five cooperating homemakers were given two 
identical 3-pound packages of a standard brand of 
long grain rice, one of which was enriched, the other, 
fortified. They were asked to cook them alternately, 
and to comment on differences, if any, found by them 
or their families. Of the 35 questionnaires returned 


80°) found no difference due to color, of which 
O77 found no difference at all, 
+ found a difference but not in color 


20°. found a difference in color, of which 
14%% found more color in the enriched rice 
3% objected to this color 

6 found more color in the fortified rice 


Thus, 86°. of the testers did not detect color from 
riboflavin when it was present. (The 80% finding no 
color difference plus the 6° finding more color in the 
fortified rice Differences other than color mentioned 
included such qualities as fluffiness, stickiness, taste, 
and flavor 

Acceptance of enriched precooked rice in homes, 
Preeook “l rice is not washed before cooking, or 
drained or rinsed after cooking by the homemaker, 
since only the amount of water needed is added. Color 
contributed by the riboflavin would therefore persist 
from package to table. The fortified precooked rice 


ENRICHED WITH RIBOFLAVIN 621 


had cooking instructions to let the product stand for 


13 minutes after adding the boiling water before it 
was ready to serve. With the enriched rice, a new pack- 
age with new labeling, it was necessary to allow the 
rice to stand in boiling water for only 5 minutes be- 
fore it was ready to serve. Sixteen homemakers, who 
used precooked rice regularly, were asked to prepare 
and serve rice alternately from each package. 

No comments were received on differences in color 
between the 2 samples either before or after cooking. 
Preferences were expressed on the basis of ease of 
preparation, length of preparation time, tenderness, 
Havor, ete. Of the 15 questionnaires returned: 


67% preferred enriched rice (5 minute) 
27% preferred fortified rice (13 minute) 
6% expressed no preference 


Analysis of the enriched precooked rice in the labora- 
tory showed that it contained at least 1.2 mg. of ribo- 
flavin per pound 

After completion of the above test, the same home- 
makers were given small packages of the 2 kinds of 
precooked rice and asked to comment specifically on 
color. None of the homemakers found the color of the 
raw or cooked rice to be objectionable 


SUMMARY 


1. Rice enriched with a powdered premix so that 
it contained the amount of riboflavin specified in the 
Federal standard sold as well as rice with no riboflavin 
added. In two separate marketing trials, a total of 
approximately two tons of rice (50% enriched, 50% 
fortified), packaged in 3-pound cellophane bags, and 
displayed without preference to either type, was sold 
in five supermarkets in South Carolina, three of which 
are located in the coastal area where rice consumption 
s very high. No consumer complaints or comments 


were received. 

2. In panel studies using cooked rice, under ordi- 
nary lighting, 71° of the panel members had no color 
preference for either enriched rice or fortified rice. 


Under a 250-watt Mazda lamp, 63° of the panelists 
had no color preference between the two types of rice, 
The paired comparison method was used in both tests. 

4. Of the homemakers preparing the two types of 
rice in their homes, 80 indicated that they found 
no difference due to color; of the remaining 20%, 
6% found more color in the fortified rice, and 14% 
found more color in the enriched rice. Only 3%, in 
the latter group, objected to the color. 

Homemakers preparing enriched and fortified 
precooked riee indicated no awareness of color: 67% 
preferred the enriched rice; 27% preferred the forti- 
fied rice, 6% expressed no preference. The basis for 
the preferences was on qualities other than color. 
When these same homemakers were asked to comment 
on color specifically, none found it objectionable. 

5. From these studies, it appears that consumers 
will readily accept rice enriched by the powdered 
premix method whereby riboflavin as well as thiamine. 
niacin, and iron is added to the level specified in the 
Federal standard 
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Storage Characteristics of Potato Granules: 


Manuscript received May 31, 1958 


Tue STORAGE BEHAVIOR of potato 
powder and granules has received much attention (1, 
7). This study covers storage characteristics of potato 
granules produced commercially in the American 
Potato Company's Idaho Falls plant in March, 1956. 
Storage at 98.6° F. was studied over a period of 212 
days, terminating in October, 1956. Room tempera- 
ture storage tests had been carried on for a period of 
777 days at the time the most recent series was opened 
on May 8, 1958. Storage at 40° F. is still in progress 
at the time this paper is being written. 


MATERIALS AND METHODS 


Moisture contents of 10°, 8%, 6% and 4% were obtained 
by varying drying conditions for short periods of time. Sulphite 
contents expressed as SO, were approximately 200 p.p.m. on all 
samples. Optieal Density x 1000 was approximately 69.0 on all 
samples. Five p.p.m. butylated hydroxyanisole was added to 
a portion of each moisture level by first grinding pure BHA 
with granules to make a 10,000 p.p.m. coneentration. Portions 
of this concentrate were weighed on an analytical balanee and 
then added to each test tin and thoroughly mixed. All samples 
were hermetically sealed in 2'4, x 3% in. tins. Nitrogen pack 
ing was accomplished by piercing the lids of the sealed tins to 
make an opening about Ye x Me in., drawing a full commercial 
vacuum, and bringing back to room pressure with pure nitrogen. 
Immediately upon removing from the gassing chamber, the 
openings were soldered. Storage at 98.6° F. was in a constant 
temperature incubator. Storage at room temperature averaged 
75° F. and varied between 40° F. and 106° F. Storage at 40° F. 
was in a constant temperature refrigerator. 

Samples were examined periodically by a trained panel. 
They were evaluated for color both visually and by Optical 
Density determinations on 1¢¢ solutions, 50 mm, cell path and 
420 my filter, using a Lumetron Colorimeter and extracting 
with a 100% salt solution. Aroma of the dried product was 

* Presented at the Eighteenth Annual Meeting of the Insti 
tute of Food Technologists, Chicago, Illinois, May 28, 1958. 
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evaluated organoleptieally. Mashed potatoes were made by 
adding the granules to four times their weight of water at 
200° F. These potatoes were evaluated for flavor, texture, color 
and aroma by the trained panel. Tests at all storage tempera 
tures and moisture levels were continued until the produets 
were considered unsalable or until the samples were exhausted 
Room temperature and refrigeration tests are still in progress 


after 777 days. 


RESULTS AND DISCUSSION 


Role of moisture content in storage of potato gran- 
ules at 98.6° F. Figure 1 shows the nonenzymatic 
browning rate at 98.6°F. storage. In all cases, this 
browning was a straight line function with time on ai: 
packs, 

These data show that the browning rates were more 
rapid in the case of nitrogen packs and the difference 
increased with increase in moisture level. 


The indicated rate of browning is as follows 


OD. units increase 


Moisture content 
day x 1000 


0.154 
O.555 
O.S00 


3.667 


moisture samples were considered borderline 
color after 212 days at 98.6" F. 

moisture samples were considered vorderline 
color after 152 days at 98.6° F. 

moisture samples were borderline color after 
75 days at 98.6° F. 

moisture samples were unacceptable color 
after 75 days at 98.6° F. 


os 
1 AS 
va 
Ratio 
% 
6 3.6 
5.2 
10 23.8 
4° 
A 
6% 
1 ‘ 
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Figure 1. Changes in optical density vs. time for potato 
granules packed under varying moisture and atmosphere. 


In all cases, visual color grading of the dry products 
followed the Optical Density ratings. This was also 
true in color judging of mashed potatoes 

At the end of only 19 days’ storage, the 4% moisture 


control sample had a definite rancid aroma. Raneidity 


was noted in the 6% control at 152 days and in the 
$% nitrogen pack at 212 days. All other samples were 
free of raneidity. 

In the 8% and 10% moisture ranges, browning 
made the product unacceptable before any raneidity 
developed. 

The two types of storage deterioration materially 
alfected the flavor of mashed potatoes made from these 
storage granules. Nonenzymatie browning produced a 
caramelized aroma and taste which made the products 
unacceptable flavorwise at the same time they were 
unacceptable colorwise. Raneidity in flavor followed 
raneid aroma, but it was felt that granules with a 
slight rancid aroma in the dry form would be accepta 
ble when made into mashed potatoes, except to those 
with trained tastes 

There was no evident texture deterioration in any 
granule samples, including those completely unac 
ceptable from color, aroma, or flavor standpoints. 

Room temperature storage of potato granules 
(75° F.). Table 1 shows a unique but uniform color 
pattern when potato granules were stored at an aver 
age room temperature of 75° F. 

In all cases, there was a gradual color improvement 
for the first 200 to 300 days, followed by a slight 


gradual darkening which was still appreciably better 


than the starting product after 489 days. The series 
opened after 777 days storage showed a still greater 
color improvement. 

In all cases, except the 8% series, the color improve- 
ment became more pronounced as moisture increased 
during the first 300 days. At 489 days and 777 days, 
there were no significant differences between the dif- 
ferent moisture levels. 

In all except the 6% series, color was not closely 
related to the presence or absence of BHA or nitrogen. 
The nitrogen pack at 6% moisture did not improve at 
a rate comparable to the other packs. 

Every sample opened after 777 days storage was 
equal to or better than current production in visual 
appearance. 

At 212 days, all samples were judged to have a 
slightly undesirable dry aroma which was not due to 
Rancidity was first noticed in the 4% 
moisture control at 309 days and in the 4% nitrogen 


ranciditys 


pack at 777 days. The unprotected 6% moisture con- 
trol showed slight rancidity at 489 days but none was 
detected after 777 days. All other samples were free 
of ranecidity, but the aroma of nitrogen packs was 
generally preferred 

A slight rancid taste was detectable in the same 
samples which had rancid aroma. It was the opinion 
of the panel that even these samples made into mashed 
potatoes with milk, butter, salt, ete., would be per- 
fectly acceptable to all but trained tasters. 

As in previous tests, no texture deterioration was 
noted in any sample 

Refrigerated storage of potato granules (40° F.). 
Table 2 shows Optical Density x 1000, dry reflectance 
values, and visual color rankings for samples stored 
777 days at 40 Kk 

Table 2 shows that 15 of 16 samples were con- 
siderably lower in Optical Density than the 69.0 of 
the starting material. All dry reflectance values are 
in the range considered very good.”’ 

Visual differences were easy to detect. Consistently, 
air packs were superior. Visually, the combination of 


TABLE 1 


Color of potato granules stored at 75° F. 


Optical density extracted 
rx 1000 
Storace 
time in Moisture ntrol Granules + 
days content + Granules Nz pack 
Ne pack + 5 p.p.m, 
BHA 


69.0 
64.0 
35.4 
40.3 


69.0 


4 
400 
30 
“4s 
/ 
/ 
/ 
“4 
| 
10 
100 
0 10 69.0 69.0 69.0 
75 10 64.0 66.0 69.0 
212 10 13.4 $5.1 15.1 
109 10 43.5 44.6 16.0 
0 69 69.0 69.0 
109 . 44.6 41.8 49.3 48.9 : 
429 ~ 44.3 47.2 51.5 52.0 
777 14.4 20.9 43.6 
0 6 69.0 69.0 69.0 69.0 
6 43.2 {7.9 55.0 36.9 
429 6 45.4 50.0 53.5 53.5 
77 6 28.3 16.5 27.6 31.7 
‘ { 69.0 69.0 69.0 69.0 
109 4 52.0 44.6 52.0 50.5 
49 4 47.5 45.4 55.0 54.5 
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TABLE 2 
Potato granules stored 777 days at 40° F. 


Optical density Dry 


x 1000 reflectance | rank 


Moisture Code 


60.0 84.0 
R35 


84.5 
84.5 
85.0 
83.5 
a3! 
aS 

83.! 


a3.! 
BS. 
as 
Cope Kry 


with no antioxidant; N 
Air pack. 


Samples containing 5 p.p.m. BHA; C Controls 
Nitrogen pack (less than 2 % oxygen); A 


BHA and air gave superior color results. Dry re- 
flectance values correlate better with visual color than 
Optical Density does, but improvement in both pro- 
cedures is required. 

The only air pack control free of rancidity after 777 
days was the 10% moisture sample. Nitrogen pack 
controls were considered borderline for rancidity at 
the 6% and 8% moisture levels but were free of ran- 
cidity at 4% and 10% levels. 

A ‘‘gassy’’ aroma was detected on ali samples at 
10% moisture except the control. 

Completely bland aroma was found in BHA packs 
combined with air or nitrogen at the 4% and 6% 
moisture levels. 

No off-flavors were detected in any samples except 
the air controls at 6% and 8% moisture levels. 

As in all storage tests, no texture changes were 
detectable. 


SUMMARY 


BHA at a concentration of 5 p.p.m. was very effee- 
tive in preventing the development of rancidity. At 
98.6° F.. 5 p.p.m. BHA gave complete protection 
against rancid flavor and aroma at all moisture levels 
tested for the test duration of 212 days. At room 
temperature (75° F.) storage, some slight staling was 
first noticed after 309 days in the 4% moisture sam- 
ples containing BHA or nitrogen. At this time, the 
control was definitely rancid. After 489 days at 
75° F., samples with 5 p.p.m. BHA were definitely 
superior to controls in aroma and flavor but not quite 
as good as nitrogen packs or combinations of nitrogen 
and BHA. A slight but not significant color improve- 
ment was usually associated with samples containing 
BHA. After 777 days at room temperature, all BHA 
packs were free of rancidity. 

Nitrogen packing to an oxygen content of less than 
2% was also effective in preventing development of 
rancidity. At 98.6° F. storage, nitrogen packing gave 
complete protection against rancid aroma and flavor 
at all moisture levels during the 212 days test. At 
room temperature storage, nitrogen packs gave per- 


feet protection up to 489 days. Even then, there was 
no detectable rancidity, but combinations of nitrogen 
and BHA were preferred in aroma and flavor. After 
777 days, the 4% moisture nitrogen pack was rancid, 
but in other moisture ranges, nitrogen packs or com 
binations of nitrogen and BIA were superior with no 
trace of rancidity. 

If storage temperatures could be positively con 
trolled at room temperature or below, excellent shelf 
life would result at moistures as high as 10%, even in 
air pack with no antioxidants. Since such optimum 
conditions do not apply in most cases, moisture con 
tent becomes a critical factor. If continued high tem 
peratures of 98.6° F. or above may be encountered, 
moisture contents must not be far above the 6% level 
As the chances of nonenzymatic browning decrease by 
moisture reduction, the chances of development of 
rancidity greatly increase. Either an efficient nitro 
gen pack (less than 2° oxygen) or 5 p.p.m. Buty 
lated Hydroxyanisole greatly extends the shelf life 
at the lower moisture levels. After prolonged storage 
where color has not deteriorated, it is indicated that 
the nitrogen pack is generally slightly better than 
5 p.p.m. BHA pack in flavor but that a combination 
of both means of protection is superior to either alone 
when all factors are considered. Effective nitrogen 
packs, of course, require special, more costly pack 
aging. 

Nitrogen packs consistently are detectably darker 
than corresponding air packs. On the basis of the 
above Optical Density data, this is undoubtedly due 
more to the lessening of bleaching than to some detri 
mental effect of the inert gas. The above data all show 
a definite ‘*bleaching’’ effect under all conditions 
tested, providing nonenzymatic browning is not al 
lowed to oceur. 

Shelf life of properly protected potato granules 
can be considered indefinite if storage temperatures 
are kept at room temperature or below. Common 
storage temperatures, «ven in the hottest areas of the 
country, are far below the constant 98.6° F. used in 
part of this work. 
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Merck Nutrients—all easily adaptable to normal food 
processing operations. 
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Modern Baking Concepts for Troop Feeding: 
Development of the Instant Bread Mix’ 


Manuscript received May 13, 1958 


A BREAD-TYPE FOOD is an indis- 
pensable item in every Army ration. In the United 
States, and in many overseas posts during peacetime, 
bread is procured from commercial bakeries in the 
area. In wartime, especially in forward areas, this 
mode of supply is not feasible. The soldier must either 
be supplied preserved bakery products such as 
crackers or canned bread, or fresh bread from an 
Army bakery located near the point of consumption 


PRESERVED BAKERY PRODUCTS—SOME 
LIMITATIONS 


Crackers are a stable, easily transported bread sub 
stitute, but they are not desirable for constant con 
sumption because their acceptability declines rapidly 
A morale problem may eventually be the result. This 
is unfortunate because crackers possess many de 
sirable characteristics from the ration standpoint. In 
addition to being extremely resistant to both texture 
and flavor staling, they are economical, easy to dis 
pense, and fairly simple to package. They are now 
used in certain operational rations in spite of their 
drawbacks. but it would be more desirable to use 
bread if it were possible 

Canned bread is the second alternative. More ae 
ceptable as a constant diet than are crackers, canned 
bread is less desirable than fresh for a number of 
reasons Although it remains edible after many 
months of storage at elevated temperatures, its 
hedonie rating declines constantly throughout this 
period Table 1 compares the hedonic ratings on a 
9-point seale of canned bread samples stored at 100° F 
for varying periods. There is little doubt that much of 
the bread stored for 9 months, or even less, would be 
discarded by the intended consumer 

Canned bread also presents logistical problems 
One problem is weight. The container, in itself, repre- 


* Presented at the Eighteenth Annual Meeting of the Insti 
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TABLE 1 


Effect of the time of storage at 100 F. on the 
acceptability of canned bread 


Storage time at 100° F Hedonic rating’ 
Vonthe 
0 6.06 
3 5.64 
6 
9 5.04 
12 4.94 
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sents about one-third to one-half of the gross weight. 
About 35% of the net weight is due to water, as 
opposed to the 12 to 14% usually found in flour. An- 
other problem is the disposal of the empty cans. If the 
cans were to be left on the ground in battle areas, they 
might very well provide the enemy with valuable 
information as to the strength and disposition of our 


forces. The alternative, burying the cans, is a time- 


consuming practice and may be impossible when 
enemy action is imminent. Some of the logistical diffi- 
culty might be overcome by packaging the bread in 
hermetically sealed plastic envelopes. Such envelopes, 


as a matter of fact, are under study and experimental 
work has bes n active 


Dehydrated bread has also been considered as a 


possible means of supplying bread to the soldier. 
Bread can be reduced very readily to less than 5% 
moisture without much permanent damage to any of 
its inherent phys properties. Unfortunately, no 
Ihe thod of rapid ren! drat on has been devised, or even 
visualized, which could be applied during military 
operations in the field. Dehydrated bread is no longer 
receiving serious emphasis 


To summarize, it can be said that preserved bakery 
produets are probably indispensable for certain appli- 
cations but are undesirable for general use. It would 
be far more desirable to bake bread near the points of 
consumption. Bread ingredients are much more stable 
than the product itself, they contain less moisture, 


and they require less expensive packaging. 


THE PRESENT SITUATION IN FIELD BAKING 


Two types of installations, one mobile and the other 
portable, are available at present for baking near 
forward areas. The mobile field bakery is manned by 
4 operating platoons and a headquarters unit. Nearly 
250 men are involved. About 50 vehicles are required 
for transporting this installation. The specialized 
equipment alone weighs nearly 50 tons. Partly as a 
result of its large size, the mobile field bakery is fairly 
efficient and is capable of supplying bread to 100,000 
men. However, it has disadvantages. Only 3 units 
each of certain specialized equipment are present. If 
a trailer transporting one of these pieces of equip- 
ment is lost through enemy action or by accident, the 
capacity of the bakery is immediately reduced by one- 
third. In addition, the coordinated transportation and 
erection required are very difficult to achieve in war- 
time. 

For defense in atomic warfare, the Army may be 
envisioned as units of about 2,000 men, completely 
mechanized, highly dispersed, and moving rapidly 
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over long distances. These units would be completely 


separated, in a physical sense, from command head-’ 
quarters. The impracticability of transporting a 
perishable, light weight, and fragile foodstuff to 50 


units (100,000 men) from a central bakery every day 
seems self-evident. 


The second alternative for supplying fresh bread is 


to bake it within the basic unit. At present, no efficient 
unit exists for accomplishing this alternative. It is 
true that a so-called portable bakery is deseribed in 
the field manuals. For use under the new concept, the 
portable bakery, which involves much manual han- 
dling of the doughs, cannot be regarded as adequate. 
Persons who have operated this equipment indicate 
that even under the best of conditions less than 250 
pounds of dough per day per operator can be made. 
Under the less favorable conditions of nuclear com- 
bat, the output can be expected to drop sharply. In 
any case, it can be easily imagined what kind of 
produet would be supplied by this equipment. 

Although the ideal bakery for the Army of the fu- 
ture does not exist, the recent development of con- 
tinuous bread making processes suggests a ‘possible 
approximation of one. It should be borne in mind, 
however, that any process embodying the fermenta- 
tion steps necessary in the conventional bread making 
procedure has certain inherent disadvantages for 
field use. For example, the dough must be maintained 
at controlled temperatures for varying periods 
which means that fairly large space will be oceupied 
by an insulated room with controlled heating equip- 
ment. If the fermentation steps could be eliminated, 
a bakery for supplying 2.000 men with bread could 
conceivably be designed around a continuous mixing 
and dough forming apparatus and one or more ovens. 

This is where chemical leavening systems come into 
the picture. The QMEFCI project to develop an in- 
stant bread mix based on chemical leavening systems 
was begun, in fact, to provide a basis for the design 
of such a bakery. This paper reports the experimenta- 
tion that resulted in the development of an instant 
bread mix capable of meeting the requirements of 
continuous bread making, under combat conditions 
of the future, in a field bakery. 


MATERIALS AND METHODS 


The flour used was a good commercial grade of hard wheat 
flour, bakers’ patent, analyzing 12.06% protein, 0.48% ash, 
and 12.94% moisture. In some eases, the same flour, dehy 
drated to 6.0% moisture, was used. No damage to baking 
properties resulting from the dehydration could be observed. 
The yeast was compressed bakers’ yeast, never more than 7 
days old. Nonfat dry milk was the high heat type produced 
for bakery use. Shortening was 100-hour vegetable shortening. 
The leavening acid was 95° glucone-delta-lactone coated with 
5% ealeium stearate. 

From the nutritional standpoint, it was considered desirable, 
though not essential, to retain the formulation of standard 
Army bread, so far as possible. Bread baked by conventional 
methods for comparison purposes had the formula shown in 
Table 2. 

Conventional bread was prepared by suspending the yeast 
in a portion of the water and placing it in the MeDuffee mixing 
bowl with all the remaining ingredients and the rest of the 
water. The dough was mixed for one minute at slow speed and 
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TABLE 2 
Standard Army bread formula 
Ingredient Per cent of flour weight 

Flour 100.0 
Sucrose 5.5 
Nonfat dry milk 6.0 
Salt 1.0 
Shortening 5.0 
Compressed yeast 2.5 
Water 65.0 

TABLE 3 


Instant bread mix formulation 


Per cent of flour 


Ingredient 
weight 
Flour 700.0 
Sucrose 
Nonfat dry milk 6.0 42.0 
Salt 1 7.0 
Shortening 16.0 
Soda 5 24.5 
Delta-lactone of Gluconic acid oo 63.0 
Lyophilized flavor broth 0 25.0) 
154.0 
Flavor broth 
1): basic sodium phosphate (0.1M) 1,000 ml 
Sucrose 100 
Nonfat dry milk 50 ¢g 
Compressed yeast 50g 


7 minutes at second speed of a three-speed mixer. The loaves 
were sealed at 20% ounees into individual fermentation jars 
and allowed to ferment 2 hours. The doughs were then punched 
and given a 20-minute rest period at 85° F. before molding 
The loaves were proofed for 60 minutes at 100° F. and 
05% RH. after molding and then were baked for 30 minutes 
at 425 F. in a gas fired reel oven. 

In papers presented elsewhere, the development of a chemi 
eally leavened bread (3) flavored with cell-free fermentation 
broths (2) was deseribed. Formulas in use at the beginning 
of the series of experiments described in the present paper ar 
shown in Table 3, The cell-free broth was prepared by fer 
menting sucrose in the presence of nonfat dry milk solids 
dissolved in 0.1M dibasie sodium phosphate with Saccharomyces 
cecrevisiac, The quantities of each component of the broth are 
also shown in Table 3. The quantities of auxiliary ingredients 
in the chemiecally-leavened formula were selected by analog 
with Army bread formulas. Method of mixing for the chemi 
cally-leavened bread was also the sume as for the conventional! 
bread. 

Volume determinations were made by the usual rape-seed 
displacement method, The pH was determined eleetrometrically 
10 minutes after mixing 10 g. of crustless crumb in 100 g. of 
distilled water. 


RESULTS AND DISCUSSION 


Development of a flavor for use with the chemically 
leavened bread ineluding the results of experiments 
aimed toward improving the flavoring constituent 
has been previously reported (3). The formula for 
the broth preparation has already been shown. The 
technique of preparation may be summarized as fol 
lows: the broth was fermented at about 100° F. for 4 
hours and then centrifuged to remove the yeast. Dur 
ing fermentation, the pH of the medium dropped from 
7.6 to about 6.1. Effort to improve the flavor has 
continued. In one experiment, an apparatus was set 
up to ferment the broth at a constant pH. An auto 
matic titrating device was used to add quantities of 
5 N...odium hydroxide solution continuously in quan 
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Figure 1. Rate of addition of sodium hydroxide required to 
maintain a constant pH of 7.4 during the period of fermenta 
tion. 


tities sufficient to maintain a constant pH of 7.4. Since 
the rate of addition of sodium hydroxide parallels 
the rate of fermentation, the curve in Figure 1 also 


illustrates the rate of fermentation. The broth was 
centrifuged in the normal manner. Half was treated 
with ion exchange resins to remove the additional 


sodium. These broths were used as flavoring agents 
for the chemically-leavened bread. An evaluation of 
the bread showed the broth fermenting at constant 


pH, both with and without ion exchange treatment, 
had less of the desirable taste characteristies than did 
the control broth 
of the metabolism of yeast at pH 7.4 are less desirable 


It was concluded that the products 


for a bread flavor than those at uncontrolled pH from 
7.6 to 6.1 

A second experiment was conducted to inerease the 
solids content of the broth and thus to facilitate dry 


ing. Four broths were prepared: a control with the 
composition shown earlier, one with two times the 
amount of dry materials, one with three times, and one 
with four times as much dry materials. The com 


Table 4 
These were fermented, centrifuged, and used in the 
With the 
was used at two levels of concentration in the chemi 
mix. The Table 5 
indieate that the broth having 3 times the initial econ 


positions of the broths are illustrated in 


usual manner exception of the control, each 


cally-leavened results shown in 


TABLE 4 


Effect of broth ingredient composition on bread flavor 


Nonfat dry Compressed 
ucrose 
Broth IM. Suer milk 
mil gramea grams 
1x 1000 100 
hs 1000 200 100 100 
ix 150 150 
ix wooo oo 200 
TABLE 5 
Acceptability of chemically-leavened bread 
Hedonic Hedonic 
Broth Dilution Dilution 
1x 0 6.2 0 6.2 
2x 0 6.8 1/2 6.5 
tx 0 7.2 1/3 6.5 
4x 0 5.5 1/4 6.2 
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centration of the original formulation—300 g. sugar, 
150 g. nonfat dry milk, and 150 g. compressed yeast 

furnished the loaf of preferred flavor 
that 


were diluted, they 


Table 5 also 
broths 
gave the same preference as the 

broth. The change in pH with 
time for each of the broths 


indicates when the higher concentration 


lowest concentration 


increasing fermentation 
is shown in Figure 2 
It is very desirable to have a dry flavor incorpor 


ated in a complete mix. Several methods of drying the 


centrifuged broth were tried. Lyophilization of the 
broth gave the best results Broths dried at 28-in. 
vacuum at room temperature possessed slightly less 


favoring capacity than did lyophilized broth. Spray 
(irying gave about the same results as vacuum drying. 


$0.08 coatenT 
? 
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se S coment 
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FERMENTATION 
Figure 2. Effect of fermentation time on pH by broths con- 


taining various concentrations of solids. 


RINE NCENTRATION > PREPARATION WATER ( PPM) 


Figure 3. Effect of chlorine concentration on water used in 
preparing yeast leavened and chemically leavened bread. 


Although the 


leavened 


artificially flavored, chemically 


bread performs satisfactorily in laboratory 
tests, it is necessary to know how it will react to some 
of the untoward influences encountered during field 
Water the field is usually purified 
with chlorine. The concentration of this chemical may 
The 
the 
and of 
chemically-leavened bread on their volumes is shown 


doughs 


use available in 


vary another. 
chlorine in 
bread 


considerably for on 
effect of 
preparation 


reason or 
varying concentrations of 
water of vyeast-leavened 


in Figure 3 results show that chemieally- 


resistant to 
the effeet of exeess chlorine in the water than veast- 


leavened bread are much more 


leavened bread doughs. This is most desirable for a 
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Figure 4. Effect of temperature on loaf volume. 


product destined for field use. Odor and flavor of the 
chlorine becomes detectable, however, at the higher 
concentrations used here. 

Temperature of the water is another variable not 
always subject to precise control in the field. Figure 4 
gives the loaf volume results of an experiment in 
which the water used to prepare chemically-leavened 
bread was varied over a wide range. It is clear that 
the mix can be prepared with water having any tem- 
perature likely to be encountered. The loaf volumes 
show an appreciable decline at 90° F. and above. 

Since the measurement of water and mix at the 
bakery will, if manually done, be subject to the usual 
human vagaries and, if mechanically performed, be 
affected by uncertainties of adjustment, it was con- 
sidered to be of interest to find the response of the 
mix to changes in the proportion of water to mix. 
Loaf volumes of the resulting loaves are shown in 
Table 6. Again we see a rather astonishing flexibility ; 
the loaves retain good volume even though the water- 
to-mix proportion is varied over a wide range. 


TABLE 6 


Effect of variation of absorption water on loaf volume 


Per cent absorption 
water based on flour weight 


0% 60% 65% 


Loaf volume (cec.) 2375 2: 2065 1950 


A variety of baked goods is desirable for troop 
feeding, and it would be unsound logistically to have 


to supply ingredients for other yeast-leavened goods 
when bread ingredients are eliminated through use of 
a complete mix. Therefore, the versatility of the in- 
stant bread mix was tested by preparing several 
varieties of products from it. 


Figure 5 shows the products of instant bread mix. 
The white bread had the formulation shown in Table 
3. The hot rolls had the same formulation and weighed 
about one and one-half ounces each. The wheat bread 
used the basic mix with the addition of 100 g. wheat 
base (1). The sesame egg twist had 24% egg yolk solids 
based on the flour in the basic mix. It was braided, 
washed with milk and dipped in sesame seeds before 
baking. The streussel coffee cake was made with 244% 
additional egg yolk solids and then covered with a 


Figure 5. Versatility of instant bread mix. 


streussel topping. The cinnamon bread also had the 
extra 2!.¢ egg yolk solids. It was rolled out, washed 


“with egg yolk, and lightly sprinkled with a cinnamon 


sugar mixture and then rolled. The pizza, using the 
basic mix, was partially baked on one side, turned 
over, and covered with the sauce and cheese. It was 
baked until the cheese melted. The preparation of 
the raisin bread caused some difficulty. Bleached 
raisins did not perform satisfactorily. Even when 
the raisins were soaked for 4 hours prior to use, they 
still caused decreased volume in the bread when 
incorporated either at the beginning or the end of 
the mixing period. The water in which the raisins 
were soaked caused a similar volume reduction. Use 
of 30° unbleached raisins on a flour weight basis in 
the pictured loaf caused only a slight volume decrease 
The raisins were incorporated at the end of mixing 

The field bakery utilizing this chemically-leavened 
bread mix is visualized as consisting of a continuous 
mixer which will also form the dough pieces into 
loaves. It will require just 3 men to operate, on over 
lapping 10-hour shifts for a total of 18 hours per day 
to supply 8 ounces of bread and 4 ounces of cake per 
day to each of 2,000 men. The entire unit could be 
transported on one 2'5-ton truck. 


SUMMARY 


An instant bread mix developed by the Quarter 
master Food and Container Institute has been shown 
to be versatile, capable of being prepared under a 
wide range of conditions, and to have good sensory 
characteristies. It could be used in a small simplified 
field bakery designed around a continuous mixer. 
This new bakery should eliminate, without any loss 
in baking efficiency, many difficulties which presently 
attend the preparation in the field of baked goods for 
small diversified combat units. 
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Functional Properties of Vital Gluten: 


Tu FOOD TECHNOLOGIST fre- 
quently confronted with the lack of desirable physical 
properties in a food produet and/or the unwanted 
presence of objectionable features. This is a dilemma 
common to many technologies. It is possible to view 
these problems from the standpoint of an engineer 
rather than a chemist or biologist. This approach is 
useful when considering food applications for vital 
gluten because this material serves two purposes: (1 
as a convenient source of concentrated protein (com- 
mercially available at guaranteed protein levels up to 
SO°, moisture-free basis) and (2) as an aid in solving 
the engineering problet is of a food product because 
of its many functional properties. 

Vital wheat gluten (sometimes called gum gluten) 
is the protein fraction of wheat flour. It is separated 
by using water to wash away the starch and solubles 
and then dried at low temperature; finally it is pul- 
verized and sized. Vital gluten is a creamy-tan pow 
der which possesses the features of fresh washed 
gluten when reconstituted with water. Its high pro- 
tein content is readily recognized from the guaranteed 
analyses listed by the established manufacturers 
This paper is primarily concerned with the functional 
properties. It will present either numerical values for 
them or suitable comparative measurements 


PROTEIN FORTIFIER 


The high protein content of vital gluten (available 
at 80° protein, moisture-free basis) obviously leads 
to its use in raising the protein content of a food 
product to a desired level. It permits a minimum 
numerical displacement of those other ingredients 
which contribute to the individuality in a produet 
Equally as important is the fact that vital gluten is 
bland in flavor and odor. It is completely compatible 
with any food product in which it is used. 


‘Presented at the Eighteenth Annual Meeting of the Insti 
tute of Food Technologists, Chicago, LIL, May 26, 1958. 


Walter A. Carlson and 
E. M. Ziegenfuss 


eral M lr Special Commodi- 
ties Div Minneapolis, Minnesota 
‘ HYDRATION AGENT 
The behavior of vital gluten as a hydration agent is 


to a degree independent of the doughing property 
with water. This funetion should therefore be con- 
sidered separately \ fully hydrated vital gluten- 
water dough will contain 60-65% moisture. Moisture 
pick-up begins immediately as the two materials are 
mixed: 20 to 30 minutes or more are needed before 
swelling or hydration is complete, depending on the 
tvpe of mixing. Powdered devitalized gluten will hold 
about the same amount of water, as shown in Table 1. 


TABLE 1 


Moisture content and dough quality after one hour of 
hydration time under water 


\ ta | I t 
bas ir Doughing 
é m 
quality 
am 
ag Good 
67/33 8 2 Poor 
Crumbly 
292 21 Crumbly 
100 85 202 Mush 


The high amount of water held by and in the pres- 
ence of devitalized gluten is attributed to the combi- 
nation of absorbed moisture plus interstitial water 
in much the same way that sand holds water. The 
moisture-holding property of gluten is not, however, 
solely a function of its doughing characteristic. It 
may be considered a separate property. 

A typical application of this property is in the case 
of bread. A loaf baked with flour containing 3% 
added vital gluten was shown by Dubois and Cotton 
(1) to have 37.4% moisture as compared with a con- 
trol at 36.3%. This higher moisture content means 
longer shelf life, because the bread remains soft for a 
longer time, 

Winston (3) showed that adding vital gluten to 
macaroni products increased the volume and weight 
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on cooking, and decreased the loss of dissolved solids 
in the cooking water. The result was an improvement 
both as to texture, flavor and palatability. Retention 
of moisture can mean retention of flavor and other 
factors associated with the moisture, with multiple 
benefits for many types of food products. 


OIL ABSORBER 


The natural fat content of wheat flour is very 
tightly bound in the gluten separated from it. For 
example, only partial recovery is accomplished in the 
Soxhlet extraction with ethyl ether. To a degree, this 
capacity to hold fat also applies to added fat. The 
simplest system to study consists of only the 2 com- 
ponents, fat and vital gluten. When powdered vital 
gluten is mulled with inereasing proportions of oil, 
the vital gluten becomes progressively more bulky. 


TABLE 2 
Absorption of corn oil by dry vital gluten 


% Corn oil 


basis gluten 
weight 


Sample No Appearance 


Normal 

Fluffy, trace of oiliness 
Fluffy, trace of oiliness 
Very fluffy, noticeably oily 


To the above samples was added 200% water, basis 
gluten weight, and a dough formed with stirring. All 
samples hydrated readily, with a slightly slower rate 
of hydration as the oil content increased. After a rest 
period, to allow complete hydration (under water to 
prevent drying), all doughs were rated as strong. 
Sample 4 with 15% fat was slightly less strong than 
the others, suggesting dough strength woud decrease 
with further increases in oil. 

It is interesting that prior addition of oil to dry 
gluten does not hinder hydration. The reverse se- 
quence is also workable; i.e., similar amounts of oil 
will also be absorbed and held by gluten which has 
first been hydrated with 2 parts of water. 

Most food products contain intrinsic or added fat. 
The fat absorption property of vital gluten can help 
to prevent it from becoming free fat. 


ADHESIVE AGENT 


The adhesive properties of vital gluten were demon- 
strated and measured in a relative way in the follow- 
ing test: 

Vital gluten was hydrated with 14% parts water. This was 
spread in a thin layer between two pieces of ™% in. fir 
plywood, 1% x 3 in. in size. They were tightly pressed 
together by hand. Some were dried at 130° C. for 20 hours, 
others at 50° C. for 6 days, and still others were air dried 
at room temperature (approx. 25° C.) for one week. In all 
cases, the boards could not be parted by hand. 

The bonded sets of plyboards were struck repeatedly with 
a hammer to impart a shearing foree, until the boards parted. 
The gluten layer generally was intact, but either a film of 
the wood gave away, or one of the boards shattered across 
the grain, or there was failure of the bond between the layers 
of the plywood. Two samples are illustrated in Figure 1. 


Figure 1. Two test pieces showing the strength of a vital 
gluten paste dried between two pieces of plywood. 


These tests demonstrate that the bonding strength 
of the gluten exceeds the strength of the wood itself 
or of the commercial plywood adhesive. A similar 
means of reference is the observation that when gluten 
is oven dried on pyrex glass plates, there is a flaking 
and failure of the glass surface where the gluten is 
removed from the plates after being dried. 

Food materials do not lend themselves to a graphic 
demonstration such as this. It is difficult to illustrate 
in a measurable manner the degree of adhesiveness 
which vital gluten will provide between the individual 
discrete particles in food formulation. However, the 
need for physical binding is proven by the weak, 
loose or erumbly food products which come to mind 
Such an application would be as a binder in sausages, 
especially in those types where the carcass portions 
that are used have a low moisture absorption capacity 


COHESIVE AGENT 


The cohesive action may be considered a result of 
the dough and film-forming nature of the hydrated 
gluten. Thus, it may be stretched and kneaded into a 
multicelled elastic structure which surrounds and 
envelops other relatively inert ingredients and holds 
the mixture together as a single mass independent of 
the existence of adhesiveness between the gluten and 
the other ingredients. This is cohesiveness in a 
rigidly literal sense, meaning ‘‘to stick to itself.’’ 

This factor was tested by combining calcium car 
bonate (precipitated chalk, USP, powdered) with dry 
vital gluten whieh was hydrated for 2 hours and then 
checked for dough quality. Calcium carbonate was 
selected because it is inert, insoluble, and the particles 
are small and free from angularity which might cut 
or puncture the film. At the same time, because it is a 
fine powder, it presents a very large surface per unit 
of weight and therefore is more difficult to envelop 

The amount of water that can be added for good 
doughing characteristics is rather exact. These dough 
balls were checked after setting overnight and _ re- 
tained about the same doughing quality as initially set 
forth. In the proportion of 10 parts vital gluten to 
50 parts calcium carbonate, there was no real dough 
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HOW GIVE YOUR PRODUCT 
THAT “SOMETHING 


CELLULOSE GUM 

KEEP YOUR FOOD AT ITS BEST with versatile 
Hercules® cellulose gum (purified CMC). As a stabilizer, 
thickening or suspending agent, emulsifier, gel-producer 
or film-former, cellulose gum finds numerous applications 
in the food processing industry. In frozen foods, for ex- 
ample, cellulose gum prevents ice crystal formation. Pie 
fillings, cake icings, salad dressings, packaged desserts, 
processed cheese spreads, and many other products are 
improved when cellulose gum is included. 


MSG 


FOR EXTRA TASTE APPEAL, add MSG to almost any 
processed food. MSG enhances the natural flavor of a wide 
variety of staple foods including canned soups, meats, and 
vegetables; frozen specialty foods; sausages, frankfurters, 
and other meat products. Having no flavor of its own, 
monosodium glutamate helps develop the natural flavors 
in processed foods in addition to boosting the savor of each 
ingredient. MSG can be as important as salt in a well- 
seasoned processed food—find out for yourself what this 
flavor enhancer can do. 


HERCULES 
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NEED DELICATE YET RICH BACKGROUND FLAVOR 
to add character to your table and cooking sauces, vege- 
table, chicken, or beef soup; or canned stews and gravies? 
HVP (Hercules hydrolyzed vegetable protein) with its 
pleasant distinctive flavor is the product to use. HVP will 
strengthen natural flavors as in soups, gravies or sausages: 
or depending on the quantity used it could become the 
dominant flavor as in many table sauces or bouillon cubes 
..» MSG used with HVP in the same product intensifies 
flavor to the maximum. 


VITAL WHEAT GLUTEN 


ADDED NUTRITIONAL VALLE for cooked or dry cere- 
als, spaghetti, specialty breads, and other items results 
when vital wheat gluten is included. A natural protein 
concentrate derived from nutritious wheat, vital wheat 
gluten improves the texture of baked products as well as 
adding the extra protein content that consumers appreciate. 


Technical data on any of these products and their uses can 
be obtained by writing directly to Hercules. 


Virginia Cellulose Department 


HERCULES POWDER COMPANY 


900 Market Street, Wilmington 99, Delaware 
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FUNCTIONAL PROPERTIES OF VITAL GLUTEN 6: 


TABLE 3 


Capacity of vital gluten dough to envelop inert material 


Vital gluten Calcium Water Dough 
carbonate quality 
yrames jram ml 
0 20 Good 
20 (rood 
10 7.5 20 (iood 
0 0 20 Medium 
10 20 25 Poor 
10 0 45 Very poor/none 
10 5 None 


ing quality as such, but merely a stickiness of the 
paste, 

Applications of this property tend to parallel the 
uses of both the adhesive property and the action as 
a dough former. Bran, nuts, or raisins in’ baked 
goods, which are held in place by being surrounded by 
the gluten in the formula, exemplify some of the 


applications. 
DOUGH FORMER 


Forming a dough by mixing wheat flour with wa 
goes back to antiquity. By dictionary definiti 
gluten is the tough, viseid, nitrogenous substance 
remaining when dough is washed to remove the starch. 
This dough-forming characteristic resides in the 
gluten--in the vital gluten—and disappears when 
the gluten is devitalized or denatured by heat. 

Doughing characteristic of vital gluten may be 
measured by a farinograph with a simple sytem con 
sisting of gluten, refined starch, and water. Elimina 
tion of flour solubles, salts and other agents removes 


the factors which confuse the measurement In 
Figure 2A is shown the farinogram made by mixing 
8 g. of vital gluten, 40 g. of wheat starch, and 32 ml. of 


water in the small far inograph bowl. This represents 
a sample of strong gluten with good elasticity. The 
effect of increasing proportions of devitalized gluten 
is shown in Figures 2B, 2C, and 2 D. The behavior is 


summarized in Table 4 


Be! 


| D 


Figure 2, Farinogram A measures the dough-forming char- 
acteristic of vital gluten in a dough with starch and water. In 
farinograms B, C, and D devitalized gluten is substituted pro- 
gressively in the amounts of 15, 33, and 67‘7, with almost com- 
plete disappearance of the dough characteristic in D. 


TABLE 4 


Dough characteristics of vital vs. devitalized gluten 


Glute tior Doug) Dough 
Vita 1D t elasticity 
4 Strong tiood 
Fair Poor 
67 Ver ea Little 
vo No cohesion 


This chart and the farinograms give a relative 
measure of the dough-forming characteristic of vital 
gluten. Uses of this characteristic are many. They 
are based on a number of uses of flour itself, but to an 
augmented and controllable degree 

The applications tend to overlap with some of the 
other functional properties. Because doughs are tradi- 
tionally in the realm of the baker, mention should be 
made of the benefits in bakery products, which in- 
clude improvements in grain, texture, volume, crumb, 
vield and softness. These improvements result from 
the use of added vital gluten wherever the flour or the 
formula fails to provide adequate protein properties. 


STRENGTHENING AGENT 


An example of the strengthening property is given 
by Winston 


showed that there was improved resistance to break- 


His studies on macaroni products 
age in the extruded, dried products when the formula 
contained added vital gluten. The comparison was 
made between a reference sample of spaghetti at 
10.8% protein and 2 san ples raised to 12.0% and 
12.7% protein by the addition of vital gluten. Break- 
ing strength was increased 8.4% and 10.1%, re- 
spectively 


Similar results we obtained with pretzels, where 


breakage in the package is a troublesome problem (2). 
This breakage is reduced by adding vital gluten to 
the extent of 44% to 11. basis flour weight. Over- 
use of vital gluten in pretzels results in their becom- 
ing too hard—further proof of the strengthening ac- 


tion. This excessir ct is easily demonstrated with 


3% Vital gluten in the formula 

The strength provided in both cases appears to be 
related to the ability of vital gluten to form what has 
been called rigid expanded structures. This will be 
recognized by anyone who has ever vaeuum-dried 
freshly washed gluten. In Figure 3A a 50-g. portion 
of dry vital ghiten is shown. In Figure 3B a 150-¢. 
dough ball weighing 50 g. on the dry basis is depicted. 
Next, in Figure 3C is a similar amount after drying in 
a vacuum oven. Figure 3D shows a similarly dried 
portion, after partial crushing. The cellular structure 
helps to explain how rigidity is developed by the 
gluten in this exampl 

Cooking and denaturing will modify this structure, 
results depending on the sequence of processing steps 
in the preparation of the food. The examples in the 
photographs serve merely to illustrate the strength- 
giving property in its simplest form. As in the case 
of macaroni and pretze ls, it is on the finished products 
that the meaningful measurement should be made. 

It is only necessary to mention in passing the fact 
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Figure 3. Illustrating the rigidity factor in vital gluten. 
. 50 grams powdered dry vital gluten. 
B. 50 grams hydrated into a dough with 100 grams of 
water. 
C. Similar dough, dried in vacuum oven. 
D. Dried portion after partial crushing to illustrate the 
cellular structure. 


known to all bakers that protein adds to the strength 
of a dough and to the strueture of the bread made 
from it. 


SUMMARY 


Vital gluten is now well recognized as a high protein 
food ingredient (up to 80% protein on the dry solids 
basis). This in itself is unusual. However, most of 
the present and potential uses depend on one or more 


of the functional properties of vital gluten. This 
paper has identified and described these properties or 
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functions; namely, (1) protein fortifier, (2) hydra 
tion agent, (3) oil absorber, (4) adhesive agent, (5) 
cohesive agent, (6) dough former, and (7) strengthen- 
ing agent. 

As this list demonstrates, vital gluten is a highly 
useful food ingredient. It is produced under con 
trolled conditions from selected flour to meet rigid 
product specifications. It has the great advantage of 
being bland in both flavor and odor and thus may be 
incorporated in a wide variety of food products. The 
physical form is a ‘‘flour’’ or fine powder which is 
readily handled, stored or shipped in the standard 
100-pound bags. Being a powder, it may be combined 
with dry or wet ingredients in the users’ formula- 
tions. Knowledge of these functions and properties 
should be helpful to the food technologists and to food 
manufacturers who have the responsibility of de 
veloping and producing the most saleable and pala 
table as well as the most nutritious products possible 
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Notes and Letters 


Some Effects of lonizing Radiations on Gelatin: 


| INVESTIGATORS (2, 5, 6) re employed, radiation-induced cross-linking of polymer 
ported that irradiation with x-rays reduced the vis chains is relatively small compared to the degree 
cosity of dilute aqueous gelatin solutions. More of fracturing of peptide links within individual 
recently it has been possible to use much higher doses, molecules 
and Hannan (1) reports that gelatin gels exposed to The gel strength measurements presented in Table 
doses of about one million rep become irreversible and 1 indicate that the degree of splitting of the gelatin 
undergo syneresis. 
We have investigated the effeet of ionizing radi I. 
ations on the intrinsic viscosity and gel strength of TABIE 
gelatin irradiated in the dry state. Two sources of Effect of Cobalt-60 gamma rays on bloom-gel strength 
radiation were used: a Cobalt™ source (gamma emit Gel strenath 
ter) for doses of two million rep or less, and a General sacs oa 
Electric Resonant Transformer (electron accelerator ) res 282 
for doses of greater magnitude. The viscosity meas ee oa 
urements were made on gelatin dissolved in 0.15 M 100 rep 284 
sodium chloride solution using an Ostwald-Fenske 500 wen an 
Cannon) viscometer at 55° C. The intrinsic viscosity 
was found by extrapolating to zero concentration a 
plot of the natural log. of relative viscosity /concentra molecules was insufficient to cause any reduction in 
tion versus concentration. The gel strength measure the gel strength. Apparently the doses were not large 
ments were made on a Bloom gelometer according to enough to reduce the molecular weight of the gelatin . 
the official method of the A.O.A.C. (3) to the critical point at which the gel strength starts . 
The results of the intrinsic viscosity determinations to decrease (4) 
presented in Figure 1 indieate that at the doses RicHarD |. MATELES 
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Locating Russian Materials on Food and Food Technology 


Nor MUCH 18 KNOWN in the United 
States about progress in Russia in the food and food 
technology fields. That there is considerable activity 
in the various food areas is, however, evident from the 
output of research, technical and specialized litera- 
ture. The difficulties of the language and the searcity 
in American libraries of Russian food publications are 
doubtless the chief reasons for our slight grasp of 
Russian contributions. It may come as a surprise to 
food technologists that the subject index of the 
Library of Congress Serial Publications of the Soviet 
Union, 1939-1957 (2) lists at least 96 different titles 
that clearly reflect specialized food interests. Yet the 
list shows that only 38, or roughly one third, are held 
even in part in American libraries. These holdings 
would make even less of a showing if only fairly com- 
plete sets were counted. Since this total of 96 does not 
include the journals which could be considered at least 
partly in the food field, and none of those in agricul- 
ture, chemistry, chemical engineering and medicine, all 
of which print some articles of interest to the food 
scientist and technologist, it is not a complete picture 
but it does show that specialized materials which could 
be of real importance are not generally available. 


DISTRIBUTION IS LIMITED 


The distribution of the 38 titles indicates another 
difficulty. The Library of Congress has at least 32 
of them, while 22 are found in the Library of the U.S. 
Department of Agriculture. Other libraries having 
materials are largely on the Atlantic seaboard, al- 
though a few are in California. Only two titles (one 
on canning in a college library, and one on tea in a 
university library) are recorded for the Middle West ; 
none are listed in libraries in the South. Nine titles 
are held by the New York Public Library, and three 
are at the Columbia University Library. Harvard, 
which has one of the outstanding collections of Rus- 
sian materials, has three titles; while Yale with an- 
other good collection has none. Cornell University 
reports three titles out of the list. On the Pacifie Coast 
the University of California at Berkeley holds eight 
titles, the Hoover Library at Leland Stanford Univer- 
sity three, and two are found at the University of 
California at Los Angeles. 


CLASSIFICATION DIFFICULTIES 


An indication that the materials held in the United 
States tend to the basic background, rather than to the 
applied aspects, is also found in the subject headings 
assigned to the various titles. It should be remem- 
bered that subject headings given for titles not in the 
United States were assigned from the titles of the 
serials and not from actual inspection of the contents. 
Of the four titles given under the broad heading of 
‘*Food”’ all are held in the United States, one by five 
different libraries. Of the 19 titles listed under ‘‘ Food 


Industry and Trade’’ only three are held in the 
United States, the Library of Congress having al! 
three and the U.S. D. A. Library two. This leaves 16 
titles not held that seem to be on the food trade in 
general. One title which was classified as ‘‘ Food Re 
search’’ was held by two libraries, one being the 
Library of Congress and the other Cornell University 
Of three titles under ** Nutrition’’ two are held in the 
United States, one title by 8 different libraries. Only 
two of the 10 titles recorded as dealing with meat are 
held in American libraries, but one of these is held 
by 8 different libraries. Of the five titles listed under 
‘Sugar, Manufacturing and Refining,’’ four are held 
in the United States, one by 9 different libraries. The 
8 entries under ‘‘ Beets and Beet Sugar’’ were not 
analyzed because it was not possible to tell which 
related to the agricultural and which to the foo. 
industry aspects. 

Russian journals covering the pure sciences are 
more widely distributed in the United States, and 
certain of them are translated regularly under the 
sponsorship of some of the learned societies, with 
funds in part supplied by governmental sources. Al] 
though many of the articles so translated are basic 
to the work of the food technologist they do not include 
the more specialized reports which could be of even 
greater interest. 

There has been, of course, an effort on the part of 
the Library of Congress and the U. 8S. D. A. Library 
to select for their collections the most important jour 
nals in the fields covered. This could lead to a supposi 
tion that the third of the total production relating 
to food held by these two libraries represents the most 
important contributions, but since the other titles are 
not available it is not possible to check on this assump 
tion. In any event those journals which are held have 
a possibility of use through published indexes. 

Mention should be made at this point of a new, addi 
tional source for obtaining information on the names 
and specific coverage of Russian journals in food 
science and technology. The Bibliography of Food, 
compiled by two British authors, E. Alan Baker and 
D. J. Foskett, and published in the U.S.A. by the 
Academic Press Ine., New York, contains a selected 
list of bibliographies, journals, and organizations de 
voted to food investigations. Russia and the satellite 
countries appear to be well represented. The book is 
just off the press at the time of this writing and has 
not been examined studiously. 


TOOLS FOR LOCATING RUSSIAN MATERIALS 


Tools for locating materials in the Russian language 
serials, at least those held in the United States, are 
fairly numerous. The Library of Congress issues the 
Monthly Index of Russian Acquisitions (5) which not 
only lists the titles of all articles in the journals re 
ceived, but also includes entries for books and mono 
graphs, even including some for items that are not 
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held by American libraries. This monthly index is 
quite complete and detailed, particularly from the 
subject point of view, but it is not cumulated so that 
it is necessary to check each monthly issue as a sepa 
rate when making a literature search, 

Because of the number of Russian titles held by the 
Library of the U. S. Department of Agriculture the 
Bibliography of Agriculture (4) regularly contains 
references to many articles, as well as to books and 
separates, of interest to workers in the food field. In 
addition the list of translations, which appears in each 
issue, includes a record of any translations from Rus- 
sian in the food field 

Translations of Russian articles and books were 
formerly listed in the Bibliography of Translations 
of Russian Scientific and Technical Publications (6) 
issued by the Library of Congress. This publication 
was, however, discontinued at the end of 1956 and 
combined with the Translation Monthly (3) published 
by a Committee of the Special Libraries Association at 
the John Crerar Library in Chicago. The number of 
translations in the food and food technology fields, as 
might be expected from the limited number of Rus- 
sian journals held in the United States, has not been 
great but many of those listed are held by the trans 
lation center and are available for loan or copying. 

Various abstract services pay considerable atten- 
tion to Russian materials. Both Chemical Abstracts 
and Biological Abstracts should be consulted for ma- 
terials of interest because they index the Russian 
journals in the pure sciences which have basic articles, 
even though their coverage of the specialized journals 
is not extensive. Chemical Abstracts issued in 1956 a 
List of Periodicals Abstracted by Chemical Abstracts 
(1) which also notes which libraries receive the titles 
This list is not, however, as complete a record of hold 


ings as the one issued by the Library of Congress. 


FOOD ABSTRACTS NOT A SPECIALIZED 
SERVICE IN RUSSIA 


Much has been reported in the press about the ae 
tivities of the All-Union Institute of Scientific and 


Technical Information (Institut nauchnoi 


NOTES AND LETTERS 


infor- 


matskii of Akadademii nauk SSSR) which publishes 
twelve abstract journals with a common title of Re- 
ferathivnyi Zhurnal. Those for chemistry and _ bio- 
chemistry would probably cover certain of the basic 
sciences for the food technologist but there does not 
seem to be any abstract service which would include 
the specialized subjects of food and food technology. 
While these services have been operating for only a 
few vears there seems to be a number of subscriptions 
in the United States with the Khimiya section being 
recorded for 13 libraries for the maximum of those 
which might have a relationship to the food fields. 
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Annual Meeting Papers 


The Editor 
Foop TECHNOLOGY 


Dear Sir: 


| have had the opportunity to attend a number of 
the annual meetings of the LIFT, and have derived 
very substantial benefits from them. There are a few 
suggestions which [| wish to mention, for whatever 
they are worth. These remarks are not meant as 
criticism but are offered constructively. These views 
are shared, | might add, by several individuals who 
discussed them with me at Chicago. 

There is an increasing trend for papers to become 
less interesting. This is apparently due to several 
factors. First, many of the speakers read all of the 
details of the paper, including minute details of equip- 
ment and technique. There probably are very few 
people present who are interested in and can absorb 
all of those details. | have found that the most in- 
formative speaker is the one who speaks, without 
reading, touching on the highlights, as one might do 
in presenting an elaborated summary and conclusions. 
It is good to have a manuscript handy to answer 
details if questioned, but details of procedure can be 
obtained when the paper is published. 

Then, there is a tendency to present research which 
encompasses only a very narrow phase of a topic. Too 
minute to be of any general interest, such papers seem 
rather inappropriate for a national meeting. 

When papers are credited to several authors jointly, 
and especially when one or more prominent persons 
are concerned, the paper is usually presented by a 
younger member of the team, who usually reads every- 
thing verbatim. | have noticed that when one of the 
more experienced members presents such a paper, he 
generally does not read it, but makes an authoritative, 
interesting talk out of it, and is readily able to supply 
requested details when questioned. The practice of 
permitting the junior member to read the paper is, 
naturally, of considerable value to the individual 
reader, but often it detracts from the interest to the 
general audience. When a junior member presents a 
paper, I believe he should be well coached before being 
permitted to address the audience. This should be a 
part of his training. 

I think that the use of slides should be given some 
consideration. Often the speaker reads much of the 
projected data himself instead of pointing out the 
highlights. This detailed reading, which the audience 
can read anyway, often deadens interest. When read- 


ing these data in detail, the speaker often addresses 
the screen, turns away from the microphone, and loses 
the attention of the audience. Furthermore, I suggest 
a little advance planning in the use of slides, to avoid 
prolonged darkening of the room. 

Here is a summary of some of the factors that have 
come to mind: 

1. Speakers should avoid verbatim reading of cde 
tailed manuseripts; should speak in more genera! 
terms, without reading, and should discuss highlights 

2. Avoid presenting many papers that are narrow 
in seope; the so-called research problem may actually 
be a seminar concern rather than a national meeting 
topie. 

4. Avoid too frequent use of junior members of a 
team presenting the paper. Give the audience a break 
by letting the ‘‘big guns’’ talk. Note that this sug 
gestion includes the phrase “too frequent."’ The 
junior members are very important and by no means 
should be by-passed. 


4. Reduce tendency of speaker reading all data of 
each slide; the audience can do the reading itself 
With few exceptions, confine remarks to interpreting 
the data projected. 
5+. Eneourage speaker to face audience when dis 
cussing slides. 
6. Organize slide projection to keep the room 
darkened for the minimum practicable time. 
| sincerely hope that these remarks will not be taken 
as criticism of the management of the meetings. | 
have much respect for them. I simply offer them as 
suggestions for improvement. No doubt the place to 
begin educational work in improving the presentation 
of annual meeting papers—and their style and con 
tent, is the organization that sponsors the paper. The 
excellent work being done in food research and de 
velopment should not be clouded by inadequate 
presentations. 
Very truly yours 
A. Frey 
Chief Chemist 
Horn & Hardart 
600 West Fiftieth Street 
New York 19, N. Y. 
20 June 1958 
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On September 6, 1958, President Eisenhower 
signed into law the Food Additives Amendment of 
1958 culminating a ten-year effort to improve federal 
regulatory control over the use of food additives. Be- 
cause of its importance to members of the Institute, 
the full text of the law is reproduced here 

The new amendment covers all food additives not 
generally recognized as safe except for pesticides 
and pesticide residues which are dealt with under the 
Pesticide Chemicals Amendment of 1954. Substances 
previously sanctioned under the Food, Drug and 
Cosmetic Act, Meat Inspection Act, and Poultry 
Products Inspection Act are also exempt 

Significant features of the new amendment include 
the requirement that complete information be sub- 
mitted and approval obtained from FDA prior to 
commercial use of a new food additive, provision for 
the issuance of tolerance limitations, if necessary, to 
assure that the additive will be safe, and provision for 
prohibiting the use of any food additive where evi- 
dence is inadequate to assure safety In eonsidering 
whether an additive is safe, its probable use, cumula- 
tive effect, and margin of safety will be considered, 
except that no additive inducing cancer when in- 
gested shall be deemed safe 

It is expected that the Food and Drug Administra- 
tion will soon issue initial regulations dealing with 
additives exempted from control and procedures for 


filing petitions for tolerances. 


The amendment follows 


Public Law 85-929 
85th Congress, H. R. 13254 
September 6, 1958 


AN ACT* 


Be it enacted by the Senate and House of Repre- 
sentatives of the United States of America in Congress 
assembled, That this Act may be cited as the ‘* Food 
Additives Amendment of 1958."" 


Sec. 2. Section 201, as amended, of the Federal 
Food, Drug, and Cosmetic Act is further amended by 
adding at the end of such section the following new 
paragraphs 

s) The term ‘food additive’ means any substance 
the intended use of which results or may reasonably 
be expected to result, direetly or indirectly, in its 
becoming a component or otherwise affecting the char- 
acteristics of any food (ineluding any substance in- 
tended for use in producing, manufacturing, packing, 
processing, preparing, treating, packaging, transport- 


"72 Stat. 1784 

To protect the public health by amending the Federal Food, 
Drug, and Cosmetic Aet to prohibit the use in food of additives 
which have not been adequately tested to establish their safety. 


Food Additives Amendment of 1958. 
52 Stat. 1041, 21 USC 321. Definitions. 


Food Additives Amendment Enacted 


John F. Mahoney, Chm. 


Committee on Food Additives, IFT 


ing, or holding food; and including any source of 
radiation intended for any such use), if such substance 
is not generally recognized, among experts qualified 
by scientific training and experience to evaluate its 
safety, as having been adequately shown through sei- 
entifie procedures (or, in the case of a substance used 
in food prior to January 1, 1958, through either 
scientific procedures or experience based on common 
use in food) to be safe under the conditions of its in- 
tended use: except that such term does not include— 
(1) a pesticide chemical in or on a raw agricul- 
tural commodity ; or 
(2) a pesticide chemical to the extent that it is 
intended for use or is used in the production, stor- 
age, or transportation of any raw agricultural com- 
modity ; or 
(3) any substance used in accordance with a 
sanction or approval granted prior to the enactment 
of this paragraph pursuant to this Act, the Poultry 
Products Inspection Act (21 U.S.C. 451 and the 
following) or the Meat Inspection Act of March 4, 
1907 (34 Stat. 1260), as amended and extended (21 
U.S.C. 71 and following) .* 
t) The term ‘safe’, as used in paragraph (s) of 
this section and in section 409, has reference to the 
health of man or animal.”’ 


Sec. 3. (a Clause (2) of section 402 (a), as 
amended, of such Act is amended to read as follows: 


2 A if it bears or contains any added poisonous 
or added deleterious substance except a pesticide 
chemical in or on a raw agricultural commodity and 
except a food additive) which is unsafe within the 
meaning of section 406, or (B) if it is a raw agricul- 
tural commodity and it bears or contains a pesticide 
chemical which is unsafe within the meaning of sec- 
tion 408 (a), or (C) if it is, or it bears or contains, 
any food additive which is unsafe within the meaning 
of section 409; Provided, That where a pesticide chem- 
ical has been used in or on a raw agricultural com- 
modity in conformity with an exemption granted or a 
tolerance prescribed under section 408 and such raw 
agricultural commodity has been subjected to process- 
ing such as canning, cooking, freezing, dehydrating, or 
milling, the residue of such pesticide chemical remain- 
ing in or on such processed food shall, notwithstanding 
the provisions of sections 406 and 409, not be deemed 
unsafe if such residue in or on the raw agricultural 
commodity has been removed to the extent possible in 
good manufacturing practice and the concentration 
of such residue in the processed food when ready to 
eat is not greater than the tolerance prescribed for 
the raw agricultural commodity ;’’ 

b) Section 402 (a), as amended, of such Act is 
further amended by striking out the period at the end 


“71 Stat. 441. 
*Insanitary ingredients. 21 USC 342 
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thereof and inserting in lieu thereof a semicolon and 
the following: ‘‘or (7) if it has been intentionally sub- 
jected to radiation, unless the use of the radiation was 
in conformity with a regulation or exemption in effect 
pursuant to section 409.’’ £ 

(ce) The first sentence of section 406 (a) of such Act 
is amended by striking out ‘‘clause (2)’’ wherever it 
appears in such sentence and inserting in lieu thereof 
**elause (2) (A)’’# 

Sec. 4. Chapter [V of such Act is amended by add- 
ing at the end thereof the following new section : ® 


FOOD ADDITIVES 
‘*Lnsafe Food Additives 


“Sec. 409. (a). A food additive shall, with respect 
to any particular use or intended use of such additives, 
be deemed to be unsafe for the purposes of the appli- 
cation of clause (2) (C) of section 402 (a), unless— 

**(1) it and its use or intended use conform to 
the terms of an exemption which is in effeet pur- 
suant to subsection (i) of this seetion; or 

**(2) there is in effect, and it and its use or in- 
tended use are in conformity with, a regulation 
issued under this section preseribing the conditions 
under which such additive may be safely used. 

While such a regulation relating to a food additive is 
in effect, a food shall not, by reason of bearing or con- 
taining such an additive in accordance with the regu- 
lation, be considered adulterated within the meaning 
of clause (1) of section 402 (a). 


‘**Petition To Establish Safety 


**(b) (1) Any person may, with respect to any in- 
tended use of a food additive, file with the Secretary 
a petition proposing the issuance of a regulation pre- 
scribing the conditions under which such additive may 
be safely used. 

**(2) Such petition shall, in addition to any explan- 
atory or supporting data, contain 

‘( A) the name and all pertinent information con- 
cerning such food additive, including, where avail- 
able, its chemical identity and composition ; 

‘*(B) a statement of the conditions of the pro- 
posed use of such additive, including all directions, 
recommendations, and suggestions proposed for the 
use of such additive, and ineluding specimens of its 
proposed labeling ; 

‘(C) all relevant data bearing on the physical or 
other technical effect such additive is intended to 
produce, and the quantity of such additive required 
to produce such an effect ; 

‘*(D) a deseription of practicable methods for 
determining the quantity of such additive in or on 
food, and any substance formed in or on food, be- 
cause of its use; and 

““(E) full reports of investigations made with 
respect to the safety of such additive, ineluding such 


USC 342. 
£91 USC 346. 
"21 USC 341 et seq. 
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information as to the methods and controls used in 
conducting such investigations. 


‘*(3) Upon request of the Secretary, the petitioner 
shall furnish (or, if the petitioner is not the manu 
facturer of such additive, the petitioner shall have the 
manufacturer of such additive furnish, without dis 
closure to the petitioner) a full deseription of the 
methods used in, and the facilities and controls used 
for, the production of such additive. 

‘(4) Upon request of the Seeretary, the petitioner 
shall furnish samples of the food additive involved, or 
articles used as components thereof, and of the food in 
or on which the additive is proposed to be used. 

‘*(5) Notice of the regulation proposed by the peti 
tioner shall be published in general terms by the See 
retary within thirty days after filing. 


** Action on the Petition 
‘(e¢) (1) The Secretary shall 


‘(A) by order establish a regulation (whether or 
not in aecord with that proposed by the petitioner 
prescribing, with respect to one or more proposed 
uses of the food additive involved, the conditions 
under which such additive may be safely used (in 
cluding, but not limited to, specifications as to the 
particular food or classes of food in or in which 
such additive may be used, the maximum quantity 
which may be used or permitted to remain in or on 
such food, the manner in which such additive may 
be added to or used in or on such food, and any 
directions or other labeling or packaging require 
ments for such additives deemed necessary by him 
to assure the safety of such use), and shall notify 
the petitioner of such order and the reasons for suc! 
action; or 

‘*(1B) by order deny the petition, and shall notify 
the petitioner of such order and of the reasons for 
such action. 

“*(2) The order required by paragraph (1) (A) or 
(B) of this subsection shall be issued within ninety 
days after the date of filing of the petition, except that 
the Secretary may (prior to such ninetieth day), by 
written notice to the petitioner, extend such ninety 

day period to such time (not more than one hundred 
and eighty days after the date of filing of the petition 

as the Secretary deems necessary to enable him to 
study and investigate the petition. 

**(3) No such regulation shall issue if a fair evalu 
ation of the data before the Secretary 

‘(A) fails to establish that the proposed use of 
the food additive, under the conditions of use to be 
specified in the regulation, will be safe: Provided, 
That no additive shall be deemed to be safe if it is 
found to induee eancer when ingested by man or 
animal, or if it is found, after tests which are appro 
priate for the evaluation of the safety of food addi 
tives, to induce cancer m man or animal; or 

“*(B) shows that the proposed use of the additive 
would promote deception of the consumer in viola 
tion of this Act or would otherwise result in adul 
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teration or in misbranding of food within the mean 
ing of this Act. 

$) If, in the judgment of the Secretary, based 
upon a fair evaluation of the data before him, a toler- 
ance limitation is required in order to assure that the 
proposed use of an additive will be safe, the Secre 
tary 

A) shall not fix such tolerance limitation at a 
level higher than he finds to be reasonably required 
to accomplish the physical or other technical effect 
for which such additive is intended ; and 

‘(B) shall not establish a regulation for such 
proposed use if he finds upon a fair evaluation of 
the data before him that such data do not establish 
that such use would accomplish the intended physi 
cal or other technical effect 

5) In determining, for the purposes of this sec 

tion, whether a proposed use of a food additive is safe, 
the Secretary shall consider among other relevant 
factors 

A) the probable consumption of the additive 
and of any substance formed in or on food because 
of the use of the additive ; 

B) the cumulative effect of such additive in 
the diet of man or animals, taking into account any 
chemically or pharmacologically related substance 
or substances in such diet ; and 

(') safety factors which in the opinion of ex 
perts qualified by scientific training and experience 
to evaluate the safety of food additives are generally 
recognized as appropriate for the use of animal ex 


perimentation data 


‘Regulation Issued on Secretary's Initiative 


d) The Secretary may at any time, upon his own 
initiative, propose the issuance of a regulation pre 
scribing, with respect to any particular use of a food 
additive, the eonditions under which such additive 


After 


the thirtieth day following publication of such a pro 


may be safely used, and the reasons therefor 


posal, the Secretary may by order establish a regula 
tion based upon the proposal 


‘Publication and Effeetive Date of Orders 


Any order, including any regulation estab 
lished by such order, issued under subsection (¢) or 
d) of this section, shall be published and shall be 
effective upon publication, but the Secretary may sta) 
such effectiveness if, after issuance of such order, a 
hearing is sought with respect to such order pursuant 


to subsection (f 


‘Objections and Public Hearing 


f) (1) Within thirty days after publication of an 
of this 
section, any person adversely affected by such an order 
may file objections thereto with the Secretary, speci 
fying with particularity the provisions of the order 


order made pursuant to subsection (e) or (d 


deemed objectionable, stating reasonable grounds 


thereof, and requesting a public hearing upon such 
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objections. The Secretary shall, after due notice, as 
promptly as possible hold such public hearing for the 
purpose of receiving evidence relevant and material to 
the issues raised by such objections. As soon as prac- 
ticable after compl tion of the hearing, the Secretary 
shall by order act upon such objections and make such 


order public 


2) Such order shall be based upon a fair evalua- 
tion of the entire record at such hearing, and shall 
include a statement setting forth in detail the findings 


and conclusions upon which the order is based. 


3) The Secretary shall specify in the order the 
date on which it shall take effect, except that it shall 
not be made to take effect prior to the ninetieth day 
after its publication, unless the Secretary finds that 
emergency conditions exist necessitating an earlier 
effective date, in which event the Seeretary shall 


specify in the order his findings as to such conditions. 


actual controversy as to the 
validity of any ordet ied under subsection (f), in- 
cluding any order thereunder with respect to amend- 
ment or repeal of a regulation issued under this see- 
will be adversely affeeted by such 
filing in the 
als for the cireuit wherein 


tion, any person vho 
order may obtain judicial review by 


States Court of 


such person resides 0} as his principal place of busi- 


ness, or in the United States Court of Appeals for the 
District of Columbia Circuit, within sixty days after 
the entry of such o1 | petition praying that the 


order he set aside 1 ‘ e or in part 


petition shall be forthwith 
v, or upon any officer desig- 
nated by him for tha ind thereupon the 
Secretary shall certify and file in the court a tran- 
seript of the proceedings and the record on which he 
[pon such filing, the court shall have 


exclusive jurisdiction to affirm or set aside the order 


2 A copys ort such 
st rved upon the secret 


base a his ora r 


complained of in whole or in part. The findings of the 
Secretary with respect to questions of facet shall be 
sustained if based upon a fair evaluation of the entire 
record at such hearing. The court shall advance on 
the docket and 


filed therein pursuat 


the disposition of all causes 


this seetion 


3) The court, on such judicial review, shall not 
sustain the order of the Secretary if he failed to com- 
ply with any requirement imposed on him by sub- 


f this seetion 


section 


$) If application is made to the court for leave to 


adduce additional evidence, the court may order such 
additional evidene » be taken before the Secretary 
and to be addueed upon the hearing in such manner 
and upon such terms and conditions as to the court 
may seem proper, if such evidence is material and 
there were reasonable grounds for failure to adduce 
such evidence in the pro The Secretary 


s as to the facts and order by 


dings below 
may modify his finding 
reason of the additional evidence so taken, and shall 


file with the court such modified findings and order. 


Judicial Review 
_ 
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**(5) The judgment of the court affirming or setting 
aside, in whole or in part, any order under this section 
shall be final, subject to review by the Supreme Court 
of the United States upon certiorari or certification as 
provided in section 1254 of title 28 of the United States 
Code. The commencement of proceedings under this 
section shall not, unless specifically ordered by the 
court to the contrary, operate as a stay of an order. 


‘*‘Amendment or Repeal of Regulations 


‘*(h) The Seeretary shall by regulation prescribe 
the procedure by which regulations under the fore- 
going provisions of this section may be amended or 
repealed, and such procedure shall conform to the 
procedure provided in this section for the promulga- 
tion of such regulations. 


‘*Exemptions for Investigational Use 


‘ 


‘(i) Without regard to subsections (b) to (h), in- 
clusive, of this section, the Secretary shall by regula- 
tion provide for exempting from the requirements of 
this section any food additive, and any food bearing 
or containing such additive, intended solely for inves- 
tigational use by qualified experts when in his opinion 
such exemption is consistent with the publie health.”’ 


Sec. 5. Section 301 (j) of such Act is amended by 
inserting ‘‘409,"’ after ‘*404,’’.! 

Sec. 6. (a) Except as provided in subsections (b) 
and (¢) of this section, this Act shall take effect on the 
date of its enactment! 


(b) Except as provided in subsection (¢) of this 
section, section 3 of this Act shall take effect on the 
one hundred and eightieth day after the date of enact- 
ment of this Act.* 


(¢) With respect to any particular commercial use 
of a food additive, if such use was made of such addi- 

'91 USC 331. 

Effective dates. 

* Ante, p. 1784. 


tive before January 1, 1958, section 3 of this Act shall 
take effect—'! 


(1) either (A) one year after the effective date 
established in subsection (b) of this section, or (1B 
at the end of such additional period (but not later 
than two years from such effective date established 
in subsection (b) as the Secretary of Health, Edu 
cation, and Welfare may prescribe on the basis of a 
finding that such extension involves no undue risk 
to the publie health and that conditions exist which 
necessitate the prescribing of such an additional 
period, or 


(2) on the date on which an order with respect to 
such use under section 409 of the Federal Food, 
Drug, and Cosmetie Act becomes effective, 

whichever date first occurs.” 


Sec. 7. Nothing in this Act shall be construed to 
exempt any meat or meat food product or any person 
from any requirement imposed by or pursuant to the 
Poultry Produets Inspection Aet (21 U.S.C. 451 and 
the following) or the Meat Inspection Act of March 4, 
1907, 34 Stat. 1260, as amended and extended (21 
U.S.C. 71 and the following )." 

Sec. 8. The annual rate of basie compensation of the 
Commissioner of Food and Drugs shall be $20,000 

Sec. 9. Section 208 (g¢) of the Public Health Service 
Act, as amended (42 U.S.C. 210 (g) 
striking out the phrase ‘‘in the professional and scien 
tific service’’ and inserting in lieu thereof the phrase 
the professional, scientific, and executive service’’ 
and by striking out the phrase ‘‘of specially qualified 


, is amended by 


and inserting in 
lieu thereof ‘‘of specially qualified scientific, profes 
sional, and administrative personnel’’.” 


scientific or professional personne! 


Approved September 6, 1958. 


' Ante, p. 1784. 

™ Ante, p. 1785. 

"71 Stat. 441. 

* Compensation of Commissioner. 
° 69 Stat. 407, 70 Stat. 430, 741. 


¥ 
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merous extremely interesting papers but space pro- 


hibits further discussion of these. 


New officers 


At the annual business meeting of the Association, 
Dr. J. H. Bruckner of Cornell University was elected 
President ; G. E. Bearse of Western Washington Ex 
periment Station First Vice President ; and 
Bierly of the USDA Second Vice President. C. B. 
Ryan of Texas A & M was re-elected as Secretary- 
Treasurer, Meeting places for the next 3 years were 
announced as 1959, lowe State; 1960, University of 


California at Davis; and 1961, Pennsylvania State 


University 


News 


Awards 


Call for Nominations 


Food Technology Industrial 
Achievement Award 


The Institute of Food Techrfologists announces the 
establishment of a Food Technology Industrial 
Achievement Award. The Award will include the 
following 

To the Company or Institution concerned, a 
Bronze Plaque suitable for mounting 

To the individual(s) judged to have made 
major contributions to the achievement, either 
through basie research or development, public 
recognition at the time of presentation, and an 


ngrossed plaque 


The purpose of this award ts to honor an outstand 
ing food process and/or product which represents a 
significant advance in the application of Food Tech 
nology to food production It must be one which 
has been suecessfully applied in actual commercial 
operation for not less than 6 months or more than 
$ years prior to September 15, 1958 

Any member of the Institute of Food Technologists 
may make nominations for the award, Each nomin- 
ation must be in letter form and include the following: 

a. Name of Company or Institution. 

b. Name of Product and/or Process. 

e. Deseription of Product or Process. 

d. Statement of reason for considering this a 

meritorious achievement. 

e. Statement listing individuals chiefly respon- 
sible for the achievement and their individual 
contributions. 
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f. Statement indicating the time and extent of 
commercial utilization. 


Nominations must not exceed three, single-spaced, 
typewritten pages. Nominations should be sent to: 
Institute of Food Technologists 
176 West Adams Street 
Chicago 3, Illinois 


To be considered nominations must be postmarked 
not later than December 10, 1958 


REGIONAL NEWS 


DIXIE 


The Dixie Section of IFT held its combined summer 
meeting and annual social outing at the Carling 
Brewing Company, Atlanta, Georgia on August 22, 
1958 

Arrangements for the meeting were made possible 
through the cooperation of General A. R. Bolling, 
Regional Vice President (former Third Army Com- 
mander) and Mr. Charles S. Cherry, Personnel Man- 
ager of the Carling Company 

The group had a tour of the most modern brewing 
plant in the South. Following the tour Mr. Bob 
Kunis, Chief Chemist, discussed the problems of 
quality control, sanitation, etc. in the brewing in- 
dustry. Carling products, Black Label Beer, Red 
‘Cap Ale and Stag Beer, are sold throughout the 48 
states 

Refreshments were served in the Carling Room and 
dinner in an adjacent room, Beer was on the house. 


Cordelia Ellis 


NORTHEAST 


Qn Saturday, October 4, 1958, the season’s activ- 
ities began with our annual meeting at the University 
of Massachusetts in Amherst, Mass. The Food Tech- 
nology Department at UMass. were the hosts. The 
new Student Union as well as the other $19 million 
worth of construction currently underway on the 
campus was shown to those interested. 

A buffet luncheon (even better than last year’s) 
was served by the combined Stewards Club and 
Food Management students at about 1:00 p.m. 

Dr. William F Hampton, Director of Research, Na- 
tional Cranberry Association, was our first speaker 
for the 1958-59 season. Dr. Hampton has been inter- 
ested in food problems practically all his life and 
while with F.A.O, traveled about the World investi- 
gating general food problems in many countries. He 
gave us many interesting sidelights on the problems 
of world feeding 
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CHICAGO 


The Chicago Section met jointly with the Food 
Tech Club of the Department of Food Technology, 
University of Illinois, Urbana, on Saturday, Septem- 
27. The day was perfect. The tours through the labora- 
tories were excellently handled and most instructive. 
The famous Food Tech Club barbecued pork chops 
received rave notices from the 200 people lucky 
enough to participate in the luncheon. Just as billed, 
there were two serving lines and no speeches. With 
everything moving along at so high a level, the 
crowning feature of the day should have been a vie- 
tory for the Illini. But they missed by a few points— 
which is the way the ball sometimes bounces. Wending 
their way back to Chicago after this pleasant and 
stimulating Autumn holiday, the Chicago Section 
members could truly feel that this was one of the fin- 
est of a long succession of joint meetings with our 
neighbor Sections. Congratulations to the Food Tech 
Club and Reid Milner for a full day of food, fun, and 
football. Equally pleasurable was the visit to the 
laboratories. 


SOUTHERN CALIFORNIA 


SCIFTS opened the fall meetings, after the sum- 
mer recess, on the regular third Wednesday of the 
month. The September’ meeting is traditionally the 
month in which the section’s choice for FOOD MAN 
OF THE YEAR is featured. The 1958 nomination 
was Dr. Henry Borsook for his work in developing 
the multipurpose food under the sponsorship of Food 
for Millions Foundation. Mr. Edmund Clinton ae- 
cepted the award for Dr. Borsook who was out of 
the country at that time, and gave the address of 
the evening. Mr. Clinton again explained the pur- 
pose of the MPF and stated that one packet, costing 
about 3 cents, supplied as much food value as 1,4 
pound steak, 1 cup milk, and 1 serving of peas. The 
Foundation is supported by gifts and the food is 
shipped to all parts of the world for distribution to 
the hungry and needy people. 

Foremost on the agenda for the evening’s business 
were the plans for the 11th annual all-day conference 
to be held at the Beverly Hilton Hotel on October 
17th. ‘‘Food Engineering’’ is to be the phase of 
food technology to be emphasized in this year’s con- 
ference. The luncheon speaker will be Milton P. 
Duffy, chief of the Bureau of State Food and Drug 
Inspection. His topic will be ‘‘Food and Drug In- 
spection in California’’. 


Food Engineering Conference Papers 


‘*Technological Advances in Fish Canning’’ by 
George Courtney of Van Camp Sea Food Co. 

‘Recent Trends in Mechanization within the Citrus 
Industry’’ by Maurice Johnson, Sunkist Growers, 
Ine. 


18 


FOOD TECHNOLOGY, NOVEMBER, 1958 


‘**Electronie Color Sorting of Foods’? by Louis 
Thayer of Food Machinery & Chem. Co. 

‘*Water Problems in Industry’’ by Ralph West 
cott, Holladay & Wescott. 

**Modern Developments in Spray Draying’’ by D 
D. Peebles, Western Condensing Co. 


‘*Fish Flour and Fish Meal by Azeotropic Solvent 
Processing’? by Ezra Levin, VioBin Corporation 

‘*Heat Exchangers in the Food Industry’? by War 
ren Enochian, Rietz Man. Co. 

‘The Packaging of Pressurized Products’’ by R 
C. Webster, Ohio Chemical and Surgical Company) 


Cora Miller 


W. NEW YORK 


To start its fall activities, the Section held its an 
nual meeting at Niagara Falls, Ont., on October 3rd 
The meeting was also a joint affair with members of 
the Toronto Section of the Canadian Institute of Food 
Technology (CIFT) attending. 

First on the program was a plant tour of Bright 
Brothers Winery and Cannery at Niagara Falls, Ont 
The afternoon session was held in the Sheraton Brock 
Hotel, Niagara Falls, when the following papers were 
heard: 

The Problems of Agricultural Chemicals and Theu 
Use, Dr. C. O. Eddy, Food Machinery & Chemical 
Corp., Niagara Division, Middleport, N. Y. 

Varietal Behavior in Sweet Corn Maturation, Dr 
Donald W. Barton, Vegetable Crops Dept., N. Y. State 
Agricultural Experiment Station, Geneva, N. Y 

Handling Sugar the Modern Way, Representative 
of Refined Syrups & Sugars, Inc., Vincent Gage 

Developments in Chromatography, Dr. John Kagan, 
Food Chemistry Dept., University of Toronto. 

The dinner, held in the Rainbow Salon, was ad 
dressed by Dr. R. K. Larmour, Director of Research, 
Maple Leaf Milling Co., Toronto, Ont. His topic 
‘*World Food Supplies.’’ 


MARYLAND 


By self-introduction of all present, Dr. Hall of 
MeCormick and Co., Ine. opened the first fall meeting 
of the Maryland Section at the Stafford Hotel, in 
Baltimore, Md., on September 19, 1958. Two talks 
were presented. Recent advances in the technology 
and manufacture of enzymes which has led to com 
mercial applications in the baking, brewing, candy, 
wine, fruit juice, distilling, and cereal industries 
were described by Dr. Dale Harris of Rohm & Haas 
Co., Philadelphia, Pa. ‘‘The Use of lon Exchange 
Resins in the Food Industry’’ was the subject of an 
interesting slide-illustrated talk given by Mr. Robert 
Percival, also of Rohm & Haas Co., Philadelphia, Pa 

-L. F. Ghese ke r 


BY 


Literature 


BOOKS 


Micropiotocy. Michael J. Pele 
Zar, Jr. and Roger D. Reid Me 
Graw-Ilill Book Co. New York, 
1958. 564 pp 


This text introduces the student 
to the world of microorganisms 
About half the book is devoted to 
fundamentals of microbiology ; the 
remainder is concerned with the 
practical applications of microbiol 
ogy in the everyday environments 
of man 

The subject is presented under 
the following six headings l) a 
survey of microbial life and histori 
cal aspects of microbiology, (2 
characteristics of bacteria as proto 
types of all microorganisms, (3 
characteristics and importance of 
microorganisms other than bacteria, 

4) the control of microorganisms, 

5) microorganisms and disease, 
and (6) other aspects of applied 
microbiology. 

This book is well written. It con 
tains a broad general coverage of 
the field of microbiology, and is 
particularly strong on the applied 
phases. The latest concepts and 
knowledge in this rapidly growing 
field are presented Considerable 
effort has been made to aid the 
reader's comprehension with the 
use of charts, tables, illustrations, 
and review questions 

In this text there is overemphasis 
on the presentation of laboratory 
techniques, many of which will not 
be used in the laboratory by stu- 
dents taking their first course in 
microbiology (e.g., replica plating 
for isolating bacterial mutants, the 
complement-fixation test, post-mor 
tem examination of small animals, 
and highly specialized methods for 
the microbiological analysis of air 

The use of summarized tables for 
giving differentiating characteris 
ties of species of a genus such as 
the streptococei is a great aid in 
clearly presenting much usable in- 
formation. On the other hand, 
similarly presented data on genera 
of Neisseria, Clostridium, and Pas 
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teurclla fall somewhat out of the 
scope of an elementary text 

The detailed deseriptions of the 
ten orders of bacteria in Chapter 
12 could probably have been more 
appropriately placed in the appen 
dix. In faet, the information on 
orders not likely to be encountered 
by beginning students does not 
need to appear in the book at all 

The student for whom this text 
is intended should have an elemen 
tary knowledge of chemistry, phys 
ies, and biology llowever, even 
with this background he will likely 
be more overwhelmed than fasei 
nated by the table showing the an 
aerobic dissimilation of glucose, or 
the tables and figures containing 
the structural formulas for the sul 
fonamides, penicillins, and tetra 
evelines 

The opening section, ** Introduce 
tion to Mierobiology,’’ is a very 
readable elementary discussion ori 
enting the student to the scope of 
the subject matter, and pointing 
out milestones in the development 
of microbiology from modest be 
ginhnings to its present status as an 
important and fascinating science 

The second seetion, ‘‘ Character 
istics of Bacteria,’’ presents suffi 
cient material for a general course 
designed for students who plan no 
additional training in microbiology, 
but is too brief for a good basic 
eourse in which bacteriology usu 
ally receives the major emphasis 

In general, the remaining four 
sections of the book are adequate 
background for specialized courses 
embracing any of the topies 
covered 

The authors state in the preface 
that, ‘‘The instructor should feel 
no compulsion to follow the se 
quenee used in this book, since the 
material can be presented with 
equal effectiveness when it is re 
arranged to fit his individual pref 
erence.’’ Many teachers may pre 
fer to present first all the nonpatho 
genie subjects, including the sev 
eral subtopies of applied microbi 
ology, before yielding to the wishes 
of the average student by present 
ing the more fascinating pathogenic 
topics. In this way the interest of 
the class can probably be more 
easily maintained until the end of 
the course. 


In conclusion, the authors have 
taken a wealth of information on a 
broad gr up of microbiological sub- 
jects, and have presented it in an 
interestingly written and very 
readable volume. This book is a 
particularly fine text for students 
desiring microbiology as a compo- 


nent of their cultural training. 


R. O. WAGENAAR 
Minneapolis, Minnesota 


THe Liriws, CHEMISTRY 
inp Biocuemistry, Vol. ILI. Bio- 
chemistry Harry J. Deuel, Jr., 
Interscience Publishers, Ine., New 
York, 1957, pp. 1065 


Dr. Deuel has utilized the two 
distinct divisions in lipid biochem- 
istry 1n preparing two volumes of 
his three-volume series on The 
Lipids. The closely related phases 
of fat digestion absorption, trans- 
port and storage were presented in 
volume Il. The second division of 
the biochemistry of fats, which 

ses volume III, is dealt with 
under the general title ‘* intermedi- 
ary methabolism’’ and covers the 
biosynthesis, oxidation, metabolism 
and nutritional value of fats. 

The text of volume III was com- 
pleted by Dr. Deuel before his un- 
timely death on April 17, 1956. He 
had completed most of the neces- 
sary writing before his death and 
it remained for some of his eol- 
leagues and friends to see this 
written material through the press. 

The book is divided into 14 chap- 
ters. The two largest chapters deal 
with the oxidation and metabolism 
of triglycerides, fatty acids, and 
glycerol in the animal body and the 
metabolism and nutritional value 
of the carotenoids and vitamin A. 
Studies on the metabolism and nu- 
tritive value of vitamins D, E, and 
K are presented in separate chap- 
ters. Other chapters consider such 
topics as, the conversion of fat to 
carbohydrate; phospholipid stud- 
ies; acetic, formic and propionic 
acids in intermediary metabolism ; 
the metabolism of fatty acids other 
than the normal straight-chain 
acids; and the physiology and bio- 
chemistry of the essential fatty 
acids. In the last chapter consider- 
ation is given to the essential role 
of fat in the diet by a presentation 
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of recent knowledge of the nutri- 
tional value of fats. 

The book contains a total of 4,255 
references conveniently placed at 
the bottom of the page on which the 
topic is discussed. This aids in the 
usefulness of the book as a review 
and reference text, the purpose for 
which it is specifically intended. 
For the research student and the 
research worker on fats, this book 
is highly recommended as an in- 
valuable and unique source of in- 
formation. The combined volumes 
of The Lipids serve today as the 
prime source of information deal- 
ing with our present knowledge en- 
compassed in the broad biochemical 
field of lipids. 

Rosert B. Kocu 
Broadview, Illinois 


ABSTRACTS 


—Compiled by H. A. Campbell 
ANALYTICAL METHODS 


Food analysis—techniques, interpretation 
and legal aspects. 


Pearson, D. (Natl Coll Food 
Teehnol., London, Engl.). Lab. Practice 
7, 92-4 (1958). 


The part the anal. chemist plays in 
quality control in the food industry is 
diseussed. The various types of samples 
handled are considered together with 
some general ideas for reporting on 
them. The role of statistics is also dis- 


cussed, 


Automatic recording apparatus for use 
in the chromatography of amino 
acids. 


SpPaAcKMAN, D. H., Stretn, W. H. 
Moore, 8S. (Rockefeller Inst. for Med. 
Research, New York City). Anal. Chem. 
30, 1190-1206 (1958). 


Quantitative detn. of amino acids is 
made simpler and more rapid by an in- 
strument for automatically reeording 
the ninhydrin color value of the effluent 
from ion exchange columns. A_ hydro- 
lyzate of a protein or peptide may be 
analyzed in less than 24 hrs. The more 
complex mixts. characteristic of blood 
plasma, urine, and mammalian tissues 
ean be analyzed in 2 days. The instru- 
ment is applicable in prineiple to de- 
tection of ninhydrin-positive constitu- 
ents in the effluent from various types 
of chromatograph columns. 


Chromatography of amino acids on 
sulfonated polystyrene resins. An 
improved system. 
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Moore, S., Spackman, D. H. anv 
Sremn, W. H. (Rockefeller Inst. for Med. 
Research, New York City). Anal. Chem. 
30, 1185-90 (1958). 


Improved procedures have been de- 
veloped for the chromatographie detn. 
of amino acids on columns of finely 
pulverized 8% cross-linked sulfonated 
polystyrene resins. The use of a smaller 
particle size has permitted faster flow 
rates, and appropriate choice of eluents 
has simplified operations. Complete 
analysis of protein hydrolyzates ean be 
performed in about 48 hrs. with frae- 
tion collectors and in 24 hrs. with auto- 
matic reeording equipment. The same 
system with minor modifications ean be 
used for the detn. of amino acids and 
related compds. in blood plasma, urine, 
and animal tissues. 


A paper chromatographic study of the 
effect of synthetic digestive fluids 
on the sodium salts of tri-, tetra-, 
and hexametaphosphoric acids. 


Mitcneut, L. C. J. Assoc. Offic. Agr. 
Chemists 41, 185-7 (1958). 


A solvent system and chromogenic 
agent are deseribed for paper chroma- 
tographie sepn. of inorg. phosphates. 
Metaphosphates were not hydrolyzed by 
U.S.P. XV formula for simulated in- 
testinal fluid after 1 week incubation at 
37°C, 


BIOLOGICAL SCIENCES 
Biochemistry 
Evaluation of protein quality. I and II. 


FRIEDMAN, L. AND Derse, P. H. (Wis- 
eonsin Alumni Research Foundation, 
Madison). J. Assoc. Offic. Agr. Chemists 
41, 188-94 (1958). 


A clear cut need for evaluating the 
supplementary effect of a given protein 
has become important with the new 
stress on improvement of protein qual- 
ity, especially in cereal foods. One stand 
ard procedure suggested involves growth 
of weanling rats on a standard diet as 
compared to a diet contg. the protein 
being studied. Ether exts. were made 
on the livers at the end of the test period. 


Biosynthesis of collagen. III. The direct 
action of ascorbic acid on hydroxy- 
proline and collagen formation in 
subcutaneous polyvinyl sponge im- 
plants in guinea pigs. 


Goutp, B. 8S. (Massachusetts Inst. of 
Technol., Cambridge). J. Biol. Chem. 
232, 637-49 (1958). 


Collagen biosynthesis as measured by 
hydroxproline synthesis in subcutaneous 
ly implanted polyviny] sponges has been 
studied in normal, seorbutie, and asecor- 
bie acid-treated guinea pigs. It has been 
found that hydroxyproline formation in 
such a system under various conditions 
is analogous to hydroxyproline formation 


in granulation tissue. A direet, specific 
effect for ascorbie acid in collagen bio 
synthesis in vivo has been demonstrated 
It appears that rapid collagen bio 
synthesis such as that involved in tissue 
repair may be direetly mediated by 
ascorbic acid, in contradistinetion to 
collagen formation in tissue culture 
which appears to be independent of 
aseorbie acid, suggesting the possibility 
of more than a single biosynthetic 
pathway. 


Plasma_ ketosteroid in adrenal-tumor 
bearing mice. 


Poorr, W. HoLLanper, V P 
(Cancer Research Lab., Univ. of Vir 
ginia Med. Sehool, Charlottesvill 
Soc. Exptl. Biol, Med, 97, 644-6 (1958 


A transplanted adrenal mouse car 
cinoma produced elevated plasma keto 
steroid in the host. Non-tumor-bearing 
mice subjected § to gonadectomy-adren 
aleetomy have negligible levels of plasma 
ketosteroid. Tumor-bearing mice have 
unchanged plasma levels following this 
procedure indicating steroid production 
by the tumor. 


Nutrition 


Measuring human effort. 


BrRouna, L.., E. I. du Pont de Nemours 
& Co., Wilmington, Del.). Mech. Eng 
81-3 (June 1958). 


When a well-co-ordinated and system 
atic program is developed, it will be 
possible to replace the notion of ‘* me 
chanical work eyele’’ by the concept of 
** physiol. work eyele."’ This will give a 
more accurate picture of the effort re 
quired by the worker and will furnish 
quant. data for estimating fatigue 


Evaluating body composition. 


G. R. (Yale Univ., New 
Haven, Conn.). Bordens Rev. 19, 1-17 
(1958). 


In this article an endeavor has been 
made to indicate the ideas that have 
been advanced and the various types of 
studies that have been earried out in 
an effort to measure ‘‘nutritional sta 
tus’’ with particular reference to the 
question of the amt. of fat in the body. 
It is quite evident that some promising 
advances have already been made but 
that much more work remains to be 
done on this interesting and important 
problem. 


Measurement of ‘basal’ and total metab- 
olism in hereditarily obese-hyper- 
glycemic mice. 


McCiintock, R. AND Lipson, N 
(Dept. of Physiol., Univ. of Minnesota, 
Minneapolis). Am J. Physiol. 198, 495 
8 (lbv8). 
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Measurements of oxygen consumption 
and CO, production were made by the 
Haldane open circuit method on hered 
itarily obese mice and littermate con- 
trols, and the energy expenditures were 
estd. The total energy expenditures of 
fed and uneonfined obese mice were 
found to be higher than those of non 
obese littermate controls by virtue of 
inereased ‘basal metabolism’, greater 
energy expenditure assoed. with feeding, 
and possibly larger energy output for 
activity despite redueed voluntary move 
ment, 


On the restoration of fatty acid bio- 
synthesis after fasting. 


CaTravas, G. N. anp ANKER, H. 8. 
(Dept. of Biochem., Univ. of Chieago, 
ll.). J. Biol. Chem. 232, 669-80 (1958). 


A factor was found to be present in 
the liver of normal rats and pigs and in 
yeast which, when added to a_ liver 
homogenate from fasted rats, increased 
the rate of incorporation of acetate car 
bon into fatty acids. Up to a 30-fold 
inerease was obtained with material from 
yeast which had been purified approxi 
mately 400-fold and appeared to aet in 
eatalytie amts. The econen. of this ma 
terial in the liver seemed to depend upon 
the nutritional state of the animal and 
to control the rate of fatty acid syn- 
thesis in this organ. 


Essential fatty acids and idiopathic 
hypercalcemia of infancy. 


James, A. T., Wess, J., Stapieton, T. 
‘np MacDonatp, W. B. (Natl. Inst. for 
Med. Research, London, Engl.). Lancet 
7019, 502-4 (1958). 


The results presented do not support 
the proposition that the actual processing 
of cow’s milk, whether by vacuum evap 
oration or by roller drying, causes any 
great fall in the level of linoleie + lino 
lenie acids. The level of linoleie + lino 
lenie acids did, however, fall on pro 
longed storage of dried milks, but there 
was no evidence at present to suggest 
that the levels observed lead to any 
deficiency. The results do not provide 
any evidence that an essential fatty 
acid deficiency is a cause of, or is present 
in, infants with idiopathic hyperealeemia. 


Essential fatty acids in cell permeability. 
Nutrition Revs. 16, 116-17 (1958). 


Evidence appears to indieate that the 
function of oleic acid and the other 
growth promoting fatty acids and sur- 
face active agents is in promoting the 
passage of certain substances, such as 
biotin, across the cell membrane. 


Plasma unesterified fatty acids. 


Nutrition Revs. 16, 102-4 (1958). 


The unesterified fatty acids in plasma 
are extraordinarily sensitive to admin 
istration of glucose, insulin, epinephrine 
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and other determinants of carbohydrate 
utilization, and insensitive to fat diges 
tion. They have a half-time of only a 
few minutes. In the fasting state they 
are extd. by a variety of tissues, but 
ure put into cireulation by adipose tis 
sue. Both extn. and release are promptly 
stopped by administration of insulin 
and glucose. 


Mechanism of cholesterol absorption. II. 
Changes in free and esterified cho- 
lesterol pools of mucosa after feed- 
ing cholesterol-4-C 


Swe L., Trout, E. C., Hopper, J. R., 
Fietp, H. et al. J. Biol. Chem. 2338, 
49-53 (1958). 


The present study has provided evi 
dence that a metabolic pool of free 
cholesterol exists in the intestinal mu 
cosa, The existence and turnover of this 
pool has made it possible to explain 
certain aspects of cholesterol absorption 
and also to postulate a mechanism of 
absorption, 


Cholesterol as a carcinogen. 


Hireer, I. (Roy. Caneer Hosp., Lon 
don, Engl.). Proce. Roy. Soe. (London) 
B147, 84-9 (1957); Chem. Abstr. 52, 
O417 g (1958). 


Highly purified cholesterol is earcino 
genic. Its soln. in olive oil (prepd. at 
temp. of the water bath) was injected 
subeutaneously into 224 stock mice; 
sarcoma developed at the site of injee 
tion in 14 animals, 


The effect of nicotinic acid upon serum 
cholesterol and upon basal metabolic 
rate of young normal adults. 


R. anp Horrer, A. (Lab. 
of Gerontol., Univ. of Saskatchewan, 
Can.). Arch. Biochem. Biophys. 73, 
420-4 (1958). 


Nicotinic acid in relatively large doses 
(3 ™ 1 g. daily) lowered the serum 
cholesterol in 11 out of 12 healthy med 
ical students. The basal metabolic rates 
inereased slightly but significantly. It 
seems that the relative response of 
cholesterol levels to nicotinie acid is re 
lated to the dosage in terms of wt. The 
response may depend upon the initial 
cholesterol levels. 


The biological activities of « and {- 
tocopherols. 


Warp, R. J. (Univ. of Cambridge, 
Engl.). Brit. J. Nutrition 12, 226-31 
(1958). 


Natural etoeopherol (5-monomethy! 
tocol), isolated from wheat-bran oil and 
synthetic 8-tocopherol (5:7-dimethyl 
tocol) were given to groups of 2 male 
ond 2 female rats in graded doses, «To 
copherol was found to have less than 
7.5% of the activity of a-tocopherol. 
é-tocopherol had about 40% of the ae 
tivity of a-tocopherol. 


Dietary sodium in essential hypertension. 


Dann, L. K. (Med. Dept., Brookhaven 
Natl. Lab., Upton, N.Y.). J Am 
Dietetic Assoc, 34, 585-90 (1958 


Current average levels of salt ingestion 
in most modern societies appear to be 
well beyond physiologic need and prob 
ably represent an induced appetite, much 
like those of smoking and drinking al 
cohol. Among groups and individuals in 
which a low-salt diet is eaten, essential 
hypertension is uncommon; by contrast, 
where a high-salt diet is common, hyper 
tension and its complications are fre 
quent. 


Dietary calcium and _radiostrontium 
retention. 


Nutrition Revs. 16, 153-4 (1958 


Studies conducted with rats have 
clearly demonstrated that inereasing 
dietary ealeium intake will reduce the 
assimilation of radiostrontium. Short 
term studies indieate that feeding a diet 
of 2.0% calcium allows rats to retain 
only one third as mueh radiostrontium as 
diets contg. 0.50 ealeium. Longer term 
studies showed rats fed 2.066 ealeium 
only retained 3.867 of the ingested ra 
dio-strontium while those fed 0.5°) eal 
cium retained 17.7%. 


The oral treatment of pernicious anemia. 


Heatucote, J. G. anp Mooney, F. 8. 
Lancet 7028, 982-7 (1958). 


A new hypothesis is put forward that 
the orally active form of vitamin By is 
a peptide eomplex. Such a vitamin-B 
peptide has been isolated from a fer 
mentation of streptomyces, and it has 
heen shown clinieally to be the most 
effective oral prepn. yet availablk It 
is postulated that this active complex 
could be produced in the stomach by 
simple proteolysis, and that the intrinsic 
factor probably does not exist. 


Electrolyte imbalance in vitamin B, 
deficient rats. 


Hsv, J. M., Davis, R. L. anp Cuow, 
Dept. of Biochem., School of 
Hygiene and Publie Health, Johns Hop 
kins Univ., Baltimore, Md. J. Biol. 
Chem, 230, 889-95 (1958 


Adequate intake of vitamin By is es 
sential for the maintenanee of Na and 
K balance in rats inasmuch as dietary 
deprivation of the vitamin results in an 
elevation of the serum Na level, Vitamin 
By deficiency produced an inerease in K 
and a decrease in Na levels of musele 
incoordination. 


Vitamin E and selenium, part I. 
Nutrition Revs, 16, 149-52 (1958 
Evidence provided by several investi 

gators indicates selenium is an essential 

truce element believed to take part in 
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if you really wanta 


PREMIUM 
PURE VANILLA 


.. THE 
HOUSE OF 
CREATIVE FLAVORS 


Select from our full line of Pure Vanillas, both Powder 
and Liquid. We feature these two not only for their 
refinement and pure elegance of flavor but also their 
practical versatility that makes them ideal for complete 
flavors or as a basis for a compounded Vanilla flavor. 


SPECIAL PRODUCTS DIVISION 


ANILLA LABORATORIES, Inc. 


ROCHESTER, N.Y. 


Pint 
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THE FLEXIBILITY OF A LAB DRYER oxidation-reduction reactions sages 


has also been provided that selenium ean 

THE DEPENDABILITY OF A PRODUCTION DRYER replace vitamin E for the prevention of 
exudative diathesis in chicks and necrotic 
liver degeneration in rats 


Flour and bread, prepared with or with- 
out treatment with chlorine dioxide, 
as long-term sources of vitamin E 
for rats. 


Moorr, T., SHARMAN, I. M. AND Warp 
(Univ. of Cambridge, Eng! Brit 
Nutrition 12, 215-25 (1958 


Rats were fed for 15 to 17 months on 
diets composed mainly of flour or on 
bread baked from this flour. No evidenes 
of vitamin E deficiency was found in 
either expt., provided that the flour had 
not been subjected to chem. treatment 
Flour treated with chlorine dioxide, at 
about the usual com, level, or bread 
baked from it, was ineffective as a soures 
of vitamin E. The lesions developed wer: 
typical of avitaminosis F. 


Nutrition, life tenure, and the degen- 
erative diseases. 


GoopMaNn, J. (Mt. Sinai Hosp., 
Cleveland, Ohio). Geriatrics 138, 359-66 


NEW PILOT PLANT 


significant in the inereasing incidences 


| of diabetes, gangrene, congestive heart 
failure, and cerebrovascular saecidents 
Each drying section, There are numerous instances of sub 


or any arrangement of groups of sections, can | optimal nutrition in all economic classes 
be zoned and controlled independently to | Malnourished elderly individuals becom: 
provide widest possible variation of temper- this way for the same reason that cause 
ature, humidity, etc., where needed. Produc- | deficiencies in younger people, namely, 
FOR: tion technique and settings are determined | poor dict selection 

accurately, transferred to the production dry- | 
BERRIES ers without need for adjustment. Additional Short-term 
CEREALS sections are added easily and quickly at your | 
COCOA plant. They are delivered as a complete unit 
— with motor, fan, heating coils and conveyor Reap, M. S. ann Krayaiun, H. F 
COTTON SEED MEAL in place. Compact, made in two sizes, the (U.S. Army Med. Nutr. Lab., Denver, 
FRUITS smaller being only 4-0” high and 3'-9” wide. | Colo.). J. Nutrition 65, 39-5 1958 
NUTS Uses gas, electricity or steam for heating 
RICE element. Simple adjustment to regulate con- 
TAPIOCA veyor speed. Fully instrumented, has all 
VEGETABLES necessary controls and recording charts. It's 
FOOD BY-PRODUCTS a little giant of versatility — invaluable in to rats for 8 to 12 weeks as 35% of th 
(Sterch, the modern, cost-conscious pilot plant. Let dry wt. of the diet. The remaining 65% 
Proteins, etc.) ‘ 

us give you details. 


rat feeding studies with 
gamma-irradiated food products. 


Fourteen foods irradiated with 
6 million rep and subsequently stored 
the frozen state have been fed ad libitum 


of the diet was non-irradiated nutrition 


ally adequate semi-synthetic ration. Thir 
teen foods (bacon, snap beans, beef, 
FOR BETTER FOOD PROCESSING | beets, bread, cereal bar, corn, bh vdidock, 


Sargent Dryers for Lab, Pilot Plant, Production (Conveyor, Tray, fresh ham, powdered milk, spinach, 
Tunnel) — easiest, speediest to install . . . less time than any other 
dryer on the market. Also, Sargent Feeds, Extruders, Granulators .. . 
Sargent Coolers. Special Machinery for Processing. 


strawberries and = turkey have been 
found to be non-toxie by this technique 
The interpretation of these results has 


been discussed, 


C. G. SARGENT’S SONS CORPORA ON | Role of glutamine in tissue culture 


Nutrition Revs. 16, 157-8 (1958 


Graniteville, SINCE VJ Massachusetts Although glutamine is not a dietary 


essential for higher species because of 


PHILADELPHIA 19 — F. E. Wasson, 519 Murdock Road the ability of certain organs to synthe 
DETROIT 27 — Clifford Armstrong Co., 16187 Grand River Ave . that glutamine must be included among 

ae te oe Co the non essential amino acids that must 
ATLANTA, GA. — J. 8. Angel, Mortgage Guorantee Building be synthesized in the animal body from 


TORONTO 1, CAN Hugh Willioms & Co., 27 non specific nitrogen sources, 
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Effect of galactose ingestion on the 
urinary amino acid excretion in the 
rat. 


Human, L. E., Mippiterox, M AND 
Geiger, EF Univ. of Southern California 
Med. School, Los Angeles im. J. Phy 


siol. 193, 69-72 (1958 
(rroups of weanling rats were fed 
iliets contg. various levels of galactose 


or glucose or both. The exeretion of 
amino acids was not affected by the type 
or quantity of ingested earbohvdrate. It 
seems likely, therefore, that the imino 
eidurin observed in galactosemie infants 
must be due to some enuse other than 
the toxie effeets of galactose itself or a 
competition for the renal reabsorption 


mechanism 


Toxicology 


Poisonous fishes. 


HALsTr p, BR. W School of Tropic il 
and Preventive Med., Coll. of Med. Evan 
gelists, Loma Linda, (Calif Public 


Health Rep 1958 


Fishes ire belie ved to become poison 


ous as a result of their food habits 

feeding on marin il Poisonous 
fishes cannot be deteeted b their ap 
pearanee, Fish poisoning should not be 
confused with baeterial foo poisoning, 


with which it has no etiological connec 
tions. With the exceptions of gempylid 
diarrhea and seombroid ill 
other types of ichthyosarcotoxism are 
characterized by neurotoxic symptoms 
The treatment of fish poisoning is symp 
tomatic. Little is known about the chem 
ind pharmacol propert of fish poi 


Binding of gossypol under conditions of 
complete rupture of the pigment 
giands 


King, W H., \ | AND 


ALTSCHUL, \ M Souther Regional 
Research Lab.. New Orls na, La 
im (il Chemiats’ Soe 
1058 


The ‘‘free’’ PO 


of cooked eot 


tonseed ments is composed of gossy pol 
ind of * gossypol-like pi ments,’” whieh 
ire sol. in 70% aq. aeetone, The 
sypol-like pigments’’ ma wcount for 
30-1000, of the ‘* free’ gossypol as 


(letd, by the A.O.CLS, method Thorough 
comminution, followed bry prolonged 
cooking, results in reduction of all the 
pigments in cottonseed ments. Free’ 


gossypol is not completely eliminated, 


but the gossypol level, detd. byw the 
benzene transfer method, may be re 


dueed to zero 


DETERGENTS 


Glossary of terms used in detergent 
industry—in German, French and 
English. 


Carriere, G. (Lab. Lever’s Zeep-Mij 
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N.V., Viaardingen, Ho ne Fette, 


Seifen Anatrichmittel 60, 381-8 1958 
This glossary lists each term in Eng 
lish with its French and German equuiy 


ilent 


ENGINEERING RESEARCH 


Effects of drying conditions on the 
properties of spray-dried particles. 


Crosby, J. anp W R 


Univ. of Wiseonsin, Madisor Chem 
king. Proa 44, 56-63 Ju 1058 
study relating the siz ind 
of sprayealried particles to the nitial 
spray drop size, with convential operat 


g variables as parameters 


FOOD AND FOOD TECHNOLOGY 
Additives 


Composition of polyoxyethylene (8) 
stearate. 


SIRK MEIER, R. vp Br NER, J. P 
Atlas Powder Co., Wilmington, Dx 
J far. Food Chem. 6. 471-5 1958 


The composition of olvoxvethvlen 
stearate was invest gited to det its 
Tet is a food Thi compa 
cont inest ified t} 
fenrate listenrate n ti 1 por 
esterified polvethvilens ylveols having 
equal lengths, After allowanee for sn 
imts. of enatalyst and water the results 
ire those expected if rap ester inter 
change occurs. The polyglyeols throug! 


the nonamer comprise 81° of the total 
polyglveols and the polwme listributior 


ipproximates a Pojesor istribut 


Cereals and Grains 


Nutritive value studies of wheat flakes, 
dried whole milk and sugar mixture 


ReEUSSNER, G. H \ND THIESSEN, R 
Research Center, Genet ‘oods Corp 
Tarrytown, N.Y Food Research 
44-53 (1958 


Diets conte wheat flak whole dr 
milk solids and « gar, whole milk solids 
ind bacon, eggs, toast, and coffee were 


fed to growing rats. At the end of 9 


months some of the animals fed the 
bacon and egg diet had irge, fatty 
livers and those consuming the milk alon: 
had low blood protein nd hemoglobir 


values. Rats consuming the wheat flakes. 
milk and sugar mixt. did not show suel 
abnormalities. The wheat flakes, milk 
solids, and sugar diet and the baeor ind 
egg diet both gave good growth and 
survival to rats on long-term feed 


The inhibition of beta-amylase by 
ascorbic acid. 


Rowe, A. W. Wet, ¢ E. (Rut 
Univ., New Brunswick, N.J 


(rreal Chem, 35, 289-04 1958 


The inhibition of S-amvlase by ascor 
bie acid has bee found to be noneom 
petitive This eont sts with the com 
petitive type ff inhibition eaused by 
parachloromercuribenzoate The nature 
of this inhibitio: nd its acting by som 
mechanism other thar renetion 
vit] } essential sulfhydryl groups of 


Cocoa and Cocoa Products 


The causes of fat bloom in coated and 
solid chocolates 


BECKI K Chocolate b., Inst. for 
Food Technol nd Packaging Intern. 
Ch le R +t 1958 

| stulat that fat bloom is duc 

th sep! of xed giveeride erystals 


morphic changes 


Phowe vr 3 ng metustable areus 
re ! methods oft pre 
enting bloom, based on this theory, ar 


A new rheological relationship to express 
the flow properties of melted choc- 


olate 


S Kk. Brit. Manuf. Ind. Re 
Assoc Intern, Choe. Rev. 138, 


\ Vv equatio f flow is proposed in 


ists between 


t t square root of 
These quantities should 

tereent ich will charneter 
hol | eur of chocolate 


The rapid artificial drying of cocoa beans 
and chocolate flavour. 


Pe ) bur Brothers, 
58 

it hich is found in 
on beans is shown 
one of aun excess 
f tis ‘ Ack te conching will 

his want flavor, 


Coffee 


Sampling method for analysis of coffee 
volatiles by gas chromatography. 


R es, J. VW Southwest Research 

Iust., Sar Antonio, Texas Food Re 
254-61 1958 

\ mpiung ocedure has been devel 

| for the com tive analysis of the 

es from gr rousted coffee bs 

se of gas chromatography. Chromat 

ograms exhibiting 16 distinet 


| KS were obtained. Variation of peak 


reas with different coffe: sumples are 
listinetive and reprodueibl Data have 
I neluded whieh show differences be 


twee! ‘offee samples These differences 
re far in excess of the apparent expt, 
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Confections 


What you should know about « contecion 


Suarpuies, A. E. 2,843,493. July 
15, 1958. 


Method of making a frozen food hay 
ing a soft core and a hard frozen skin. 
A charge of frozen shavings is placed in 
a mold and heated until the surface is 
liquefied. Deep freezing of the mold 
transforms the liquefied surface into a 
hard frozen skin, 


Fruit 


Enzymic hydrolysis of naringin in grape- 
fruit. 


Tina, 8. V. (Univ. of Florida Citrus 


fat-containing Expt. Sta., Lake Alfred). J. Agr. Food 


Chem, 6, 546-9 (1958) 


Naringin, a bitter principle of grape 

food Ss fruit and shaddoeck, was found to ln 
hydrolyzable by an enzyme occurring in 

a com, pectinase. The hydrolytic activity 

of the enzyme was most effective at 


fr \ 50°C. and pH 4. Varying the citrate ion 
had no effect on the 


conens, 


Available in 5 different forms and 7 formulations, tivity, but the hydrolytic end pro 
these remarkable antioxidants offer significant valves decreased the rate of hydrolysis 


hydrolysis of naringin from the various 

and advantages. parts of grapefruit was studied. Applies 

tions of the enzymic hydrolysis for 

Greatest carry-through, prevents rancidity before, during ‘‘debittering’’ various grapefruit prod 

and after processing. ucts were suggested as well as the use 

through cooking, baking, deep frying. naringin in grapefruit products with 
Compatible with other ingredients, even at elevated NaOH. 


temperatures. 


Assures increased shelf life for fat-containing foods, Gelatin and Gums 
pleases dealer and housewife alike. The charge and deformation of protein 


Convenient to use—available in liquid, crystalline, molecules. 


flake and tablet form. 
Pasynsku, A. G. (Acendemy of Sei 


of the U.S.S.R., Moseow J. Polymer 
Sei. 29, 61-8 (C1058), 


” > The density of like-charged groups 


a - distributed along the molecules of pro 


Sustane BHA i Lard teins is much lower than in molecules of 


polyelectrolytes. From this it follows 
Sustane 3-F Shortening that the degree of deformation of the 


Edible Taliow protein molecules resulting from the 
Oleo Oil charge is much less. In buffered solns 


Sdstane 3 the shape of gelatin particles practically 


Rendered f Fat dloes not depend on the pH, while in un 
Frying Oils buffered solns. it varies roughly in pro 


" Sustane 1-F Flake Inedible Tallow portion to the fourth to fifth root of the 
number of charges. For molecules of 


Inedible Grease 


~ Sdstane 6 Liquid serum albumin and egg albumin the 
Paraffin Waxes deformation is proportional to the 25th 


Citrus Oils to 30th root of the number of charges, 
Sustane 8 Liquid Essential Oils ie., completely negligible. This com 
Fish Products parison also shows that the deformation 


of the threadlike molecules of gelatin 
Sdstane BHT Crystalline Confections oceurs much more easily than with the 


firm molecules of the globular proteins. 


Technical assistance is available to aid you in selecting the most The digestibility of polysaccharides by 
effective formulation for you. Write today for details. — 


Carey, P. L. (Purdue Univ., Lafayette, 
Ind.). Dissertation Abstr. 18, 1962 
(1958). 


ee 
UNIVERSAL OIL PRODUCTS COMPANY 


® 30 Algonquin Road, Des Plaines, Illinois, U.S.A. gum, corn fiber gum, hemicellulose-B, 


: making a frozen confection. 
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veetgoods taste better r 
stay fresher longer! 


4 
REVOLUTIONARY 7 
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A Completely New Way t Use Cinnamon, D: 1 and | by. 
KNICKERBOCKER MILLS COM 


KNICKERBOCKER S Exclusive 


SWEETGOODS 

CINNAQUIK GIVES CINNAMON 
SWEETGOODS BETTER FLAVOR 


NEW CINNAQUIK IS EASY TO USE! . LONGER LIFE! 


Normal cinnamon-filling make-up is both time con- Treditionally, ci le 


suming and costly. Cinnaquik is ready to go in just cin 4 
five minutes! Knickerbocker has taken all the work meet directly on the dough. But, 
out of it! Simply add warm tap water to the dry Cinna- bakers know, innamon-si gar 
quik mix. There’s no waste motion . . . no wasted mix. captures moisture. | the ale 
Cinnaquik filling is easily spread on the basic dough leaving it tough and dry. Often t 
hg with a spatula or a conventional pump. cinnamon has an irritating bite. ut. 
now. . exclusively developed and pro: 
duced by Knicke comes” 
\ CINNAQUIK \RANTEES CONSISTE! pared Saigon ctu 
ally helps to preserve thé fresh 
the ll ation for quality. 


This same quality is evident in every Cinnaquik in- 
gredlient. Choice Saigon cinnamon, most prized of al! 
the world’s cirinamons .. . specially ground sugar . . . 
vegetable shortening... are precisely mixed with 
other quality baker's ingredients in scientifically de- taste better. Cinni at ath 
reaching 


signed equipment. It comes to you in moisture-proof { 
100-pound bags as fresh as the day it was mixed. , and staying fresher, too. 


FIND OUT ALI. THE FACT! 
ABOUT CINNAQUIK! 


Trial 


te: 


loi 
a 
> 
methods of using MILLS CO. 601-621 Street, New 
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pectin, algin, carrageenin and dextrin-S 
were fed in balanced diets to rats and 
their digestibility and utilization mea 
sured. Growth was retarded by all diets 
except those of cellulose and xylan; 
however, the adverse effects of growth 
and food utilization are of no signifi 
cance when considered on the basis of the 


low consumption in dietary formulation, 


Milk and Milk Products 


Dispersibility of foam-dried fat-contain- 
ing milk products. 


Eskew, R. K., Aceto, N. C., SINNA 
won, H. I. ano Scuoprert, E. F East 
ern Regional Research Lab., Philadel 
phia, Penna J. Dairy Sei., 41, 753-60 

1958 


Whole milk foam-dried has superior 
dispersibility than when dried conven 
tionally. It ean be stored for at least 
one year at 73 F. without losing dispers 
ibility but some loss oceurred at LO0O°F, 
This process was successfully applied to 
i lactose enriched whol mil k, and mod 
ified whole milk and a chocolate-flavored 


whole milk 
Pectin 


Metabolism of methionine and pectin 
esterification in plant tissue. 


Sato, ©. S., Byerrum, R. W., ALBER 
sueim, P. Bonner, J. (Kerckhoff 
Labs. of Biol. California Inst of 
Technol., Pasadena). J. Biol. Chem. 238 


128-31 (1958 


S-methylmethionine acts as a methyl 
donor in the formation of pectin and 


protopectin. It is, however, less effective 
in this function than either methionine 
or methionine sulfoxide Sulfur-labeled 
methionine and methionin sulfoxide 
were shown to be incorporated into the 


pectin and protopectin fractions 


Taste Testing 
Who eats what, when—and why. 


ANON Tide 29-30 (June 13, 
1958) 


Market Research Corp. of America, 
hired by Campbell Soup, General Foods, 
General Mills and Pillsbury Mills to eon 
duet a study of U.S. eating habits, em 
ployed the use of a complex electronic 
gadget IBM 704) for their survey. This 
machine has the ability to tabulate and 
store an infinite number of questions and 
answers pertaining to current eating 
habits. A brief summary is given of 
some of the results as well as cost 


figures of the survey 


Fashions in food. 


Apotpu, W. H. Harper's 216, 57-61 
(June 1958) 


Trends in likes and dislikes for var 
ious foods by people in different eras 
and different countries are reviewed. 


NOVEMBER, 1958 


The reasons, if any, for these trends, 
from cannibalism to sipping tea, are 


diseussed., 
Miscellaneous 
Lone invention no lost art 


LINCOLN, J. W. Product Eng, 29, 26 


7 (June 2, 1958 


The present article is in answer to a 
paper written by Dr. William J. Kroll 
in the Feb, 24, 1958 issue of Product 
Eng. in which he states that industry 
is discouraging the creative spark in 
individuals by using the process of col 
lective invention. Mr. Lineoln, however, 
defends this policy and deseribes a 
working and practical method of com 
hining the needs of industry with those 
of the individual 


PACKAGING 
A close look at polystyrene film. 


McCormick, R. J. (Dow Chem. Co 
Midland, Mich. Package Eng. 8, 23 
7 (July 1958 


The second half of a part artiele, 
covering the properties, costs, and appli 
eations of oriented polystyrene. Physical 
properties tables include gas and vapor 
permeability in comparison to other films 
Prices which inelude yield faeto.s in 
several gauges, are also compared with 
other films. Heat sealing polystyrene is 
i difficult problem not yet satisfactorily 
solved. Ink adhesion and printing in 
general on polystyrene Im are good. 
Food packaging applications include 
windows in cartons, baeon overwraps, 
which do not dist« rt nor wrinkle in 
humidity changes, exposure to bacon fat, 


or fog; and fresh produce wrapping, 


where moisture transfe ind oxygen 
breathing’” are necessary or not un 
desirable 23 references 


Will waxes meet the production challenge? 


Biocu, M. (Warwick Wax Co Chem 
Week 83, 49-57 (July 19, 1958 


Statistics show that the packaging de 
mand for petroleum waxes, especially by 
producers of waxed paper and various 
food containers, will soon far exceed the 
supply if the conventional petroleum re 
fining methods are not improved. The 
conventional methods of producing par 
affins and miecrowaxes are briefly de 
scribed and some possible improvements 


are suggested, 


Mold-free cork liners. 


Bruipers, D. W. (Corn Produets Sales 
Co., New York City). Medern Packagina 
155-8 (July 1958 


A report on the use of zein (corn pro 
tein) as a binder in compn. cork for 
bottle caps and crowns to resist mold 
growth. The binder is reported to be 
nontoxie and imports no unpleasant 


odor or taste. 


RAPID 


MOISTURE TESTER 


Cc. W.'s basic design 
is time proven 

by 2500 users 

in many indus- 

tries throughout 

the world. 


SEMI-AUTOMATIC 
No double weighing 


No desiccator cooling 


No laborious calculating 


The C.W. Brabender Rapid Moisture 
Tester releases skilled technicians for other 


work—saving dollars and assuring accuracy. 
g 


C.W.'s latest model further increases 
speed and accuracy by the exclusive fea- 
tures of “updraft baffle heat’ and magnetic 
damping for faster moisture readings. Mois- 
ture in percent is read directly on an illu- 
minated dial. One to ten samples are tested 


at one time with an accuracy of +0.05%. 


Write or call for technical bulletins 


and reprints of published applications. 


Instruments, Inc. 
54 E. WESLEY STREET 
SOUTH HACKENSACK, N. J. 
Diamond 3-8425 
(C. W. Brabender, President) 


Industry 


PERSONNEL 


The Research and Development 
Food 
Institute for the 


Container 
Forces, 
Hdg., 1819 W. 
Pershing Road, 
Chicago 9, have 
established the 
Rohland A. Is- 
ker Award in 
order to 
nize  outstand- 
ing  contribu- 
tions to mili- 
tary food and 
packaging prog- 
Recipients 
will be selected from (1) civilian 
or Military personnel of the QM 
Food and Container Institute for 
the Armed Forces, (2) personnel 
of other Armed Services’ labora- 
and Federal Government 
agencies cooperating with the In- 
stitute in improving rations and 


and 
Armed 


Associates, 


recog- 


R. A. Isker 


ress, 


tories 
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packaging. Achievements basic 
research, applied research, devel- 
opmental endeavor or process im- 
provement will be honored. The 
R and D Associates, as they have 
come to be called during their long 
career of public service, are com- 
prised of industry institu- 
tional research who 
devoted to keeping the food and 
container industries alert to the 
food and packaging problems of 
the Armed Forces. The R and D 
Associates extend the research and 
development resources of the Gov 


and 


people are 


ernment by no-cost counsel on and 
participation in the solution of 
problems which industry facilities 
and personnel are well suited to 
handle. Membership is open to all 
industrial regard 
less of size, which concerned 
with national preparedness in two 
crucially important 
and packaging. 
The award, a handsome plaque 
which will 
cipients” accomplishment, has been 
named in honor of Colonel Rohland 
A. Iske., ret’d, wartime 


organizations, 
are 


areas, foods 


commemorate the re- 


Com 


Why Guess 

about product moisture? 
... get exact readings in minutes 
with the 


® 


MOISTURE-MATIC 


BALANCE 


Choose trom the world’s most 


© Economical, compact—easily carried for on-the-spot testing. 
¢ No more waiting for lab analysis. 
e Anyone can operate it—get results equal to standard oven procedures. 


* Automatically weighs sample before and after testing 
—holds reading on clearly visible digit counter. 


Utilizes far infra-red heating—most efficient absorption—no glare. 
* Comes complete, ready to use—nothing else to buy. 


omplete line of infra-red, electrical and humidity 


ngle test instruments. For special problems or continuous measurement and con 
lab 


CORORON 
~ | 


ngineering staff 


moore-milford 


available f ultation. Write us today 


oration 


corp 
8034 North Centro! Park Avenue ORchord 4.3220 - Skokie, Illinois 
CONSULTANTS ENGINEERS MANUFACTURERS 


1958 


mandant of the 
Research 


Quartermaster 
and Devel 
(now the 


Subsistence 
opment Laboratory 
Quartermaster Food and Contain 
er Institute for the Armed Forces, 
Illinois). Colonel Isker, 
known in. the 
industries, 


Chicago, 


widely food and 
packaging 
guished himself prior to and dur 
ing World War IL by building and 


directing a staff of military 


distin 


and 
civilian specialists in ration and 
packaging problems. This organ 
ization, out of which 
Quartermaster Food and Container 
Institute for the Armed 
proved fully equal to the enormous 
responsibilities which 
upon it with the advent of World 
War II. 
The 
Award 
spring of 1959 


grew the 
Forces. 


devolved 


Isker 


Rohland <A 


conferred in the 


first 
will be 


H. C. Diehl, 
pioneer in frozen 
food 


who has been di 


research, 


and sec 
retary of The 
Refrigeration 
Research Foun 
dation of Colo 
rado Springs, 


rector 


Colorado, for 15 
H. C. Diehl years, has re 
tired from the foundation, of which 
he was the organizer anil first ci 
On October Ist, he became 
managing director of Trans-Ameri 


ean Refrigerated Services, Ltd 


rector. 


Dr. Roy E. Morse, professor o! 
of food 


chairman of the 


has been named 
Department of 
Food Science of 
the N. J. Agri 
cultural Experi 
Station, 


Rutgers Univer 


sclenee, 


ment 


sity. He succeeds 
Dr. Walter <A 
Maclinn, who re 
signed recently 

to become execu 

tive director of 

the Refrigera 
Foundation, Colo 
‘*As research direc 
tor for Kingan and Company, meat 
packers at Indianapolis, Ind., 


R. E. Morse 


tion Research 
rado Springs 


and 


4 
a 
(Poe 
f 
of 
| 
H 
| 


for the Wm. .J. Stange Company of 
Chicago, Ill., Dr. Morse produced 
an important process for electro- 
static smoking of bacon and for 
flash rendering of animal fats,’’ 
Dr. William H. Martin, director of 
the station, remarked in making 
the announcement. ‘‘Since joining 
the State University staff in 1955, 
Ir. Morse has played a vital role 
in our research and vraduate in- 
struction programs in food se1- 
ence,’” he added 

A native of Boston, Morse gradu 
ated in bacteriology at the Univer 
sity of Massachusetts in 1940. He 
received his master’s degree from 
the same institution in 1941 and 
his doetor’s degree from Oregon 


and Massachusetts in 


State 


1945 


‘ollege 


Charles C. 
Slater has joined 
the senior staff 
of the Midwest 
Division of Ar 
thur D. Little, 
Ine., in Chieago, 
the old 


largest 


one of 
and 
industrial re 


est 


C. C. Slater search consult 
ing firms. Dr. 
Slater’s work will be in research 


on marketing and economic prob 
lems, a part of the company’s ser 
vices to business and industry. Dr. 
Slater, and author of 
Baking in America, comes to A. D. 
Little, 
he was vice president and director 
the 


Supermarket 


an economist, 


Ine., from Omar, Ine. where 


sub 
Ine 


of marketing of Omar 


ls, 


sidiary, 
in Chieago 


Polak & Schwarz, Inc. announces 
the ap pointme nt of Joseph A. Un- 
gerland as Vice 


President. Mr. 
Ungerland has 
been with his 
present organi- 
zation for the 
past eighteen 


years and has 
been active in 
the flavor 
field since 1933. 


food 


J. A. Ungerland 


FOOD 
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PRODUCTS 
On September 17, at the Ambas 


sador East. Chicago, at the cocktail 
hour, Dariworld cheese, a recent 
development by the Department of 
Dairy and Food Industries of the 
University of Wisconsin, was an 
nounced as the nation’s newest 
cheese product. Dariworld is com 
pletely different in character from 
any other natural cheese ever dis 
covered. First of all, it has the 


unusual characteristic of 


the 


10 days to 
reaching this level, it 


reaching 


good eating level in a period of 


2 weeks. after 


maintains a 


uniform flavor indefinitely. It is 
being distributed by Sue Ann 
Food Products, Chicago 

Dariworld, a mildly flavored, 
smooth-textured, creamy cheese, 
with a refreshing, clean taste in 
its own right, is also an excellent 
base for processed cheese spreads 
Dariworld was discovered by Pro 
fessor W. V. Price and Dr. Donald 
Irvine of the University of Wis 
consin while they were working on 
the further mechanization of the 
process for making cheddar The 
invention has been assigned to the 
Wisconsin Alumni Research Foun 
dation, world-renowned research 
organization in Madison, Wiscon 
sin, with an enviable record for 
producing money for research at 
the University total grants to 
date, $19,000,000 


an 


fits. 


176 


Hydrocolloids 


Growing industrial firm in the New 
York area offers outstanding op- 
portunity to right man. 


ness over 90 years, 
geared for rapid growth in the 
future. This is a company that will 
recognize and reward individual in- 
itiative and ability. 

Our employees know of this ad- 
vertisement. 


Salary Open. 


be kept in strict confidence. Reply Box 
632, 


Chemist 


with special academic 
background or experience 
in the field of hydrocolloids 


We are 
established company, in busi- 
and we are 


Liberal Employee Bene- 
Send us full details. Replies will 


Institute of Food Technologists, 
W. Adams St., Chicago 3, Ill. 


ENZYMES. 
and ENZYME Products 


Lipase 


Kid Goot ond 


Enzyme Preporctions from Calf, 
lamb anime! glondular sources 


“an enzyme modified 
for rich, distinctive 

flavor development in milk chocolate and other 


chocolate products 


Write for samples and literature 


DAIRYLAND FOOD LABORATORIES, 
BOX 406, WAUKESHA, WISCONSIN 


Oo. 


ANALYSES 
EVALUATIONS, CONSULTATION 
MAURICE AVE. at 58th ST., MASPETH 78, N.Y.C. 


Formerly FOOD RESEARCH LABORATORIES, INC 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 

and Screening, Flavor Evaluation. 


WISCONSIN 
ALUMNI 
RESEARCH 
FOUNDATION 


Project Research and Consultation 


wis.| 


Wr te for Price Schedule 
22 Madison 1 


SERVICES TO THE FOOD INDUSTRIES 
@ Consultation on Food Problems. 
@ Analyses of food materials and products 
@ Flavor evaluation 
@ Product development 
Founded 1869 

Write for bulletin “Scientific Quality 

Control of Foods and Beverages” 

SCHWARZ LABORATORIES, Inc. 
230 Washington St., Mount Vernon, WN. Y. 


it’s YOUR Responsi- 
bility Under New 


FOOD ADDITIVES 
LAW! 


Utilize our 12 years experience 


and COMPLETE facilities for 


required evaluation. Animal, 
tracer, chemical tests, F.D.A. 
counsel, etc. 


Schedule your tests NOW! 
Phone JEfferson 1|-5922 


CIENTIFIC 
SSOCIATES 


le 
| 
| — sT. L MISSOURI 
29 
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Request 4101 WN. Figueroa 
Publication ae es 65 
alte. 
CHEMISTRY 


TRUESDAIL 
LABORATORIES, INC 
Cremists 
Bacterologists 
Engeacers 


RESEARCH—ANAL YSES—TESTING 
FOODS—DRUGS—ALLIED PRODUCTS— 


FOOD TECHNOLOGISTS 

An active, confidential service: Interview 
at your convenience. Call, write or wire: 

Gladys Hunting (Consultant) 

Drake Personnel, Inc. 
Room 628 
HArrison 7-8600 
220 S. State St., Chicago 4, Ill. 


AVAILABLE: FOOD TECHNOLO- 
GIST—B.A. Chemistry plus supplemen- 
tary post graduate courses. Background 
combines cost reductions in production, 
increased sales in merchandising, effec- 
tive quality control and successful prod- 
uct development. Seeks technical service 
position. REPLY BOX 630, Institute of 
Food Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


FOOD TECHNOLOGIST—CHEMIST 
(B.S.-M.S.) 

With 5 to 10 years experience in confec- 
tionery, baking, meat or other food fields. 
Challenging position open in expanding 
Technical Sales Service Department. 
After brief training period, 1/3 to 1/2 of 
your time will be required for technical 
service contacts with customers. The 
remainder in new laboratories at Clinton 
developing new uses for products. 

Excellent employee benefits and working 
conditions with an exceptionally stable 
industry in a progressive city of 35,000. 


Write: Director, Technical Sales Service 
Department 

Clinton Corn Processing Company 
Clinton, 


AVAILABLE: FOOD TECHNOLOGIST 
B.S., 6 years experience in production 
supervision and products development, 
mainly with fruits, fruit juices and re- 
lated items. Desires suitable position, 
preferably in Production Management. 
Central Eastern location. REPLY BOX 
628, Institute of Food Technologists, 176 
W. Adams St., Chicago 3, Ill. 


FOOD CHEMIST 


B.S. in Chemistry, Food Technology or 
Chemical Engineering. 


To do development work for food pro- 
cessing industry in expanding Product 
Development Laboratory. 
From 2 to 5 years of experience in de 
velopment of chemicals used in food pro- 
cessing. 
New laboratories located in suburban 
Wilmington, Delaware. Liberal employee 
benefits. Salary commensurate with abil- 
ity. 
Send complete resumé of training and 
experience to: 
Lawrence H. Snyder 
Atlas Powder Company 
Wilmington 99, Delaware 


8 


WANTED: FOOD TECHNOLOGIST or 
FOOD CHEMIST by fast growing, pro- 
gressive pickle packer. Requires the ser- 
vices of a capable chemist or technologist 
for Quality Control and Product Develop- 
ment. Starting salary eight to ten thou- 
sand, with ample opportunity for further 
advancement. Prefer man with exp. in 
pickles, but will consider exp. in other 
fields. Write fully as to education, age, 
experience and background. REPLY 
BOX 629, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, Ill. 


CEREAL CHEMIST 


Outstanding opportunity in research div- 
ision of national food company for man 
with industrial or research baking ex- 
perience and knowledge of grains and 
flours. Salary open. REPLY BOX 627, 
Institute of Food Technologists, 176 W. 
Adams St., Chicago 3, Ill. 


FOOD TECHNOLOGIST. Has made 
favings with increased yield, better pro- 
curement procedures, improved equip- 
ment, new product development—frozen 
foods. Also has extensive merchandising 
experience. Desires production-quality 
control position. REPLY BOX 631, In- 
stitute of Food Technologists, 176 W. 
Adams St., Chicago 3, Ill. 


WANTED: Food Chemist and Plant 
Manager. We need a young man who 
would like to work into management re- 
sponsibilities. Small plant. Must have 
Mayonnaise or Salad Dressing experi- 
ence. REPLY BOX 633, Institute of 
Food Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


FOOD TECHNOLOGIST, with extensive 
and diversified experience in production, 
supervision, development, and contro! of 
confectionery, desserts, cereal products, 
ice cream, chocolate, bakery products, 
and other foods, desires position of re 
sponsibility. REPLY BOX 634, Insti- 
tute of Food Technologists, 176 W. Ad- 
ams St., Chicago 3, Ill. 


A NEW TITLE 
in the 
Studies in Food Science and 
Technology Series 


Feeding Men During 
Space Flights 


. . contributions to the session 
on space feeding held at the 
Eighteenth Annual Meeting of 
the Institute of Food Technol- 
Chicago, Illinois, May 
28, 1958 


One dollar per copy 
Please remit with your order 


Order from 
The Executive Secretary 
Institute of Food Technologists 
176 West Adams Street 
Chicago 3, Illinois 


on letterhead 
4 
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No matter where you are... 
With Mort d onl It I 
| orton, you need Only Dpile 

There's no need to complicate your bookkeeping, risk ship- adverse economic or other conditions that might endanger 
ping delays and quality differences just for the sake of having your plant's continu eration 

tw alt suppliers. There's really no “safety factor"’ in it, Complete technical assistance. Morton backs its sales- 
either For plant mar 1ger ind purchas ng aae nis in every mer vith the sery ¢ © ta salt research aboratory, the 
field of indu try are finding that it pays to buy all their salt ete laboratory of its Kind In tne worid. While your 
from one supplier—Morton. It not only assures you salt of M alesman can he you solve many of your salt prob- 
uniform quality, but Morton, the only nation-wide salt com- le everything fr j a different grade of 
pany, offers you many advantages you just can’t get else- It to helping you plan a water-softening system or put in 
where or modernize a brine installation—he can refer problems he 


Service in 48 states. Only Morton has 9 salt plants, ware- 
houses and sales offices from coast to coast. This means 
Morton can offer you complete salt service whether you have 
just one plant or several plants in different 

Any kind of salt you need. Morton produces, refines and 
delivers nearly 100 different grades of salt to industry for 


tat 


ex 


14,000 different uses. This means you can get expert, im- 
partial advice on which grade or grades will do the best job 
for you 

Dependable delivery. Because Morton has mines, wells, 
and solar ponds in more than one location, Morton is better 
equipped to make delivery from alternate plants even under 


personally can't solve to a Morton field specialist for quick, 


We think you'll find it well worth while to order all your 


salt from Morton. For complete information, write: 


MORTON SALT 
COMPANY 
INDUSTRIAL DIVISION 


sot. FT-11-58 ] N. Wacker Drive 


the 

/ 

Chicago 6, Illinois \ | i 
ANN : 


FOR 


EVERYBODY'S 
ENJOYMENT 


ou will come to Norda 


You'll be sitting pretty, with Norda Flavors, 


You'll be prospering. Youll be selling 

more products more people like. The reason’s an 
old-fashioned reason; Norda relies on quality 
so that you can rely on Norda. 


Flavor it with a Favorite—from 


Samples, free, by sending your business letterhead to 


Mew Were 1,6. ¥. * Chicago Los Angeles Son Francisco * Toronto Montreal « Havana * London Poris* Grasse * Mexico City 


| 
NORDA, 601 W. 26 St, 


